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Serial No.: 10/040.900 Examiner. Paul B. PrebMIc 

Filing Date: ' Januaiy 9. 2002 Group Art Unit: 3738 

Title: POLYETHYLENE HIP JOINT PROSTHESIS WITH EXTENDED 

RANGE OF MOTION 

DECLARATIO N OF DR. VWLUAM H. HARRIS % ^ C. 



I, William H.HaiTis, do hweby declare 38 folioww: v, 

1 . I received my M.D. degree from the University of Pennsylvania In 1 951 

I have been on the staff of the Massachusetts General Hospital ("MGH") since 1 960. '\ 
I became the Chief of the Hip and Implant Unit In the Department of Orthopedic 
Surgery at the MGH in 1974, and became the Director of ihe Orthopedic 
Biomechanics and Blomaterials Laboratory of the MGH in 1 982. I have been using 
uitiahlgh molecular weight polyethylene ("UHMWPE") in total hip replacements and 
related surgeries since 1969. I have perfomied about 3.000 hip r^lacements 
during the ensuing decades. I have been involved in research in the field of total hip 
replacements for over 30 years, and have authored or co-authowd over 400 peer- 
reviewed publications. Among other awards, I have received the Chamley Award of 
the Hip Society on three separate occasions, the Muriel E. Mueller Lifetime 
AcNevement In Orthopedic Surgery Award of the Mueller Foundation, the Dr. Marion 
Rqws Award of the Massachusetts Chapter of the Arthritis Foundation, and the H.A. 
Paul Award of the international Sodety for Technology and Arthroplasty. I am a co- 
Inventor named in tiie capfoned patent application. 

2. I understand that the claims in the captioned patent application have been 
rejected over various combinations of Graham et al. (U.S. Patent No. 5.549.700); 
Townley et al. (U.S. Patent No. 6,096.084): McKellop et al. (U.S. Patent No. 
6,165,220); DeCario et al. (U.S. Patent No. 4.524.467); and Teinturier et al. (U.S. 
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Patent No. 4,385.405). In order to address these rejections, I believe that a brief 
discussion of the history of hip replacement would be useful. 

3. The present invention has satisfied a long-felt but previously unmet need. 
Throughout the history of total hip replacement, from its very Inception in 1959, the 
experience vyith all plastic materials that were tried for total hip replacement surgery 
ftncluding polytetrafluoroethylene, ultra high molecular weight polyethylene, delrin 
and others), a single dominant issue existed which was the major influence on the 
wear of the plastic. That single issue was head size. Small femoral heads 
articulating against conventional UIHMWPE wore less - large femoral heads 
articulating against conventional UHMWPE wore more. See for example, Elfidc 0t 
al. J Arthroplasty. 1998. 13(3):291-5 (Exhibit 1); Livemnore et a/., J Bone Joint Surg 
Am. 1990, 72(4):518-28 (Exhibit 2). 

In their early attempts at hip replacement, several investigators tried large 
head size in order to provide extended range of motion and reduced the lilceehood of 
dislocation. However, experience demonstrated tt>at volumetric wear rate increased 
with respect to size of fsmoral head. For example, 32 mm diameter femoral head 
components showed greater wear than smaller heads. See for example, Uvermore 
9t al., J Bone Joint Surg Am. 1990, 72(4):518-28 (Exhibit 2); Clarke et al. Prvc tnst 
Mech Eng [H]. 1997, 211(1):25-36 (Exhibit 3); Hirakawa etat. J Biomed Mater Res. 
1997. 36(4):529-35 (Exhibit 4); Elficic et al. J Arthroplasty. 1998, 13(3):291-5) 
(Exhibit 1). In response, the field went to smaller head sizes, such as 26 mm and 30 
mm. See, for example, Affatato et ai Chir Organ! Mov, 1997. 82(4):393-9 (Exhibit 
5), using conventional uncrosslinked UHI\4WPE. Chamley went to diameters as 
small as 22mm, and most others In the field also went to such smaller head sizes. 
See the attached excerpt from Charnley, Low Friction Arthroplasty of the Hip Theory 
and Practice, (Springer-Verlag. Beriln 1979) (Exhibit 6). 

The 32 mm head size fell into disfavor as increasng evidence made clear the 
fact that the 32 mm head size had a higher volumetric wear rate, and a higher 
incidence of periprosthetic osteolysis. Accordingly, the field continued to avoid 
larger heads. See, for example, Manley et ei J Bone Joint Surg Am. 1998, 
80(8): 11 75^ (Exhibit 7); Affatato e^ al. Chit OrganiMov. 1997, 82(4):393-9 (Exhibit 
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5). Because larger head diameter oould not be utilized due to wear, investigators 
alternatively qstlmized head-necic diameter ratio in an attempt to enhance range of 
motion. See. for example. ChancBer et al Oin Orth<^. 1982. (166):284-91 {ExIiilMt 
8). 

4. The use of a larger head, such as a head size of 32 mm or higher, was 
then considered adverse and the field continued to avoid larger heads for years. I 
have published collaborative research articles that demonstrate the fact See for 
example, Schmalzried et al. Abstract of presentation at the forty-first annual meeting 
of the Orthopaedic Research Society, Febniary 13-16, 1995, Ortando, Fl (Exhibits); 
and Schmalzried at al. The Proceedings of the Institution of Mechanical Engineers, 
part H. Journal of Engineering in Medicine 1999 2 13(2):p. 147-1 53 (Exhibit 10). 
Prosthesis used in the above research included mostly 26 mm heads and 
occasionally 28 mm heads (See Exhibit 10, page 149, left column, lines 12-14). As 
the tegend of figure 1 explains: "(tjhe large diameter of these components [referring 
to surface replacement] resuJte in a volumetric wear of polyethylene that is 4 - 10 
times higher than that produced by a conventional 28 mm diameter bearing for the 
equivalent number of c^es." 

5. The daimed invention has solved, among other things, a long-felt but 
previously unmet need by providing thinner and wear-resistant polymer cups (see for 
example, the captioned application at page 2 lines 4-26), which made it possible to 
malte polymeric cups that accommodate femur heads of 35 mm or greater while 
minimizing wear. The ability to accommodate larger heads while adiieving wear 
resistance provides greater range of motion, decreased potential of wear-related 
dislocation, and extended lifetime of the prosthesis (see the capttoned application ctf 
page 3, lines 20-25, for example). 

6. Regarding the Examiner's allegation of the instent mvenfion being teught 
or suggested by Graham ef af. and/or Tovmley et al. in view of McKeliop et al, I 
submit the following points in rebuttal: 

a. The McKeliop patent (US 6.165,220) does not provide a femur head of 
diameter larger than 32 mm and there is no mention of using femoral head 
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diameters larger than 32 mm. McKellop discloses "surfaoe-crossKnked UHMWPE 
acetabular cups of 32 mm" (see column 17. lines 3^), however, does not describe 
acetabular cup having diameter of 35 mm or more, nor that the "crossfinked 
UHMWPP* could be used to make wear resistant acetabular cups that can 
accommodate femur head of diameter larger than 32 mm. According to McKellop, 
"PE powder is placed In an Implant mold and compresston molded using mefl^bds 
known In the art to a slight oversize of the I.D. Onner diameter) to allow for the 
additkm of a crosslinked layer" (see Column 9, lines 65-67). That is, MdCellop 
reinforces the bias in the filed for smaller heads and teaches away from making 
acetabular cup havinjg diameter larger than mm (such as 35 mm) using the 
-crosslinked UHMWPE." 

The McKellop patent does not disclose that this "crosslinked UHMWPE** 
material would have a relationship to femoral head diameter nor that specifically the 
relationship of head size to wear wouM be the exact opposite of the experience of 
the field vi/ith these heads sizes and many others over the previous four decades. 
Furthemnore, in order to accommodate a head of 35 mm or greater, it is necessary 
to minimize cup thickness (see, for example, the captioned applicatkm at page 2, 
lines 4-26; page 15, lines 8-29; page 16, line 7 through page 7, line 23). McKeltop 
uses UHMWPE material of 8 mm thickness (see. fbr example, column 11, lines 58- 
58; column 12, lines 38-39), and does not suggest to minimize cup thidcness by 
using cups of about 1 mm to about 5 mm in thickness. Moreover. Mcl^llop does 
not address cup thickness in relation to head diameter. 

b. Graham ef a/, and Townley ef a/, do not rectify deficiencies of McKellop 
because: 

i. Graham uses conventional UHMWPE to make polymeric cups (See col. 
4, lines 61-64). In contrast, the instant invention uses cross-linked UHMWPE polymer 
{See for example^ the captioned application at page 3. lines 11-15). While Graham 
describes various mechanical modification of polymeric cups to improve wear 
resistance (see for example. coL 3, lines 1-13 and lines 53-97 to coL 4, lines 1-2), it 
does not pro^flde any teaching to improve chemical and mechanical properties, such as 
cross-linking by inradiation in combination with melting. Graham also does not provide 



-4- 



I 



U.S. serial No. 10/040,900 

any diameter of the cup or the head that the cup can embrace. Therefore, Graham 
patent does not provide any teaching on polymeric cup thickness in relation to head 
diameter: and 

ii. Townley does not disclose terge ball dianrmter, ovoid head, and varying 
degrees of movement. Rather, Townley disdoses ''ceramic ball and socl^et for 
prosthetic hip" and optionally "articular cup" made of conventional uncnosslinked 
UIHMWPE (see col. 4, lines 24-38). Townley patent also does not provide any teaching 
on polymeric cup thickness in relation to head diameter. 

7. Regarding the Examiner's allegation that certain claims are unpatentable 
over Townley and McKellop in combination with OeCarto or Teinturier, I submit the 
foltowing poirits in rebuttal: 

First Townley and McKeilop have serious deficiencies, described above, whteh 
are not rectified by DeCarlo and/or Teinturier. DeCarlo describes cups with greater 
degrees of freedom and Teinturier discloses contact surfaces for ovoid heads. 
However, DeCarlo and Teinturier do not provide any motivation to obtain Irradiated 
wear resistant polymeric cups that can accommodate heads of 35 mm or greater. The 
invention of the captioned application provided for the first time a medically-acceptable 
femur cup larger ttian 32 mm (such as a cup that is 35 mm in diameter) by allowing for 
thinner cups. Therefore, the combination of Townley ef a/, and McKeilop ef a/, and 
DeCarlo et al, or Teinturier et al does not teach or suggest the claimed invention 
because these references do not describe the use of the irradiated wear resistant 
polymer cups of a minimized thidcness. 

8. In sum. McKeilop describes polymeric cups no larger than 32 mm and 
provides no information on thickness of the cup. Graham. Townley, DeCarto, and 
Teinturier indicate use of conventional polymeric materials that ai^ not wear resistenL 
The combination of references applied by the examiner do not provide cross-linked 
polymeric cup with 35 mm or greater with thfckness of about 1 mm to about 5 mm. 
Rather, l\«cKellop. Graham. Townley, DeCario, and Teinturier repeat the past reliance 
on small heads or the past failures of large heads, as noted in previous sections above. 
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/ /jereby dedsre that alf statements made herein of my own knowledge are true, 
and m aU statements made on infomotion and iMllef are believed to be true; and 
ft/rttef. that these statements are made wfth the Imowledge that willfm false statements 
and the like so made, ars punishaUe by fine or Imprisonment, or both, under Section 
1001. TWe 18 of the United States Code, and that such witHul false statements may 
/eopardfee the valldify of the appficaiion or any patent issuing thereon. 



July 2. 2004 




WITiam H. Hanis 
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Related Articles. L 



J Arthroplasty \ 



Wear in retrieved acetabular components: effect of femoral hea« 
radius and patient parameters. 

Elfick AP, Hall RM, Pinder IM, Unsworth A. 

Centre for Biomedical Engineering, School of Engineering, University of 
Durham, United Kingdom. 

Forty-seven explanted Porous Coated Anatomic (PCA, Howmedica, 
Rutherford, NJ) cementless acetabular components were acquired at revision 
surgery. All the components articulated against CoCrMo femoral heads of 32 
mm diameter. The penetration depth and angle were measured using the 
shadowgraph technique. The wear volume was then calculated using Kabo's 
formula. Using weighted linear regression analysis, the mean penetration ratt 
and mean volumetric wear rate were calculated to be 0.23 (SE, 0.03) mm3/y 
and 96 (SE, 13) mm3/y, respectively. The creep component was not found to 
significantly different from zero. The clinical wear factor, k(clinical), for this 
cohort was also calculated using linear regression analysis but with the 
assumption that creep was zero. The value found, k(clinical) = 1 .93 (SE, 0.2S 
1 0(-6) mm3/N-m, was similar to those in previous studies involving cemente 
joints with a 22-mm femoral head diameter. The similar k(clinical) values of 
these substantially different joint types suggest that the high volumetric wear 
rate for the PGA joint can be attributed entirely to its larger head size and the 
younger, more active, patient profile. Fixation technique and metal backing 
seem not to influence the rate of wear. 



PMID: 9590640 [PubMed - indexed for MEDLINE] 
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Related Articles. L 



Effect of femoral head size on wear of tlie polyethylene acetabul: 
component. 

Livermore J, Ilstrup D, Morrey B. 

Department of Orthopedics, Mayo Clinic, Rochester, Minnesota 55905. 

A technique was developed to determine the wesir of the acetabular compone 
of a total hip replacement by examination of standardized initial and foUow-i 
radiographs. Three hundred and eighty-five hips were followed for at least 9. 
years after replacement. The least amount and rate of linear wear were 
associated with use of a femoral head that had a diameter of twenty-eight 
millimeters (p less than 0.001). The greatest amount and mean rate of linear 
wear occurred with twenty-two-millimeter components, but these differences 
were not statistically significant. The greatest volumetric wear and mean rate 
rate of volumetric wear were seen with thirty -two-millimeter components (p 
less than 0.001). A wider radiolucent line in acetabular Zone 1 was associate* 
with use of the thirty-two-millimeter head. The amounts of resorption of the 
proximal part of the femoral neck and of lysis of the proximal part of the fem 
both correlated positively with the extent of linear and volumetric wear; this 
suggests an association between the amount of debris from wear and these 
changes in the femoral neck and proximal part of the femur. 

PMID: 2324138 [PubMed - indexed for MEDLINE] 
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Charnley wear model for validation of hip simulators— ball 
diameter versus polytetrafluoroethylene and polyethylene wear. 

Clarke IC, Good V, Anissian L, Gustafson A. 

Howard and Irene Peterson Tribology Laboratory, Loma Linda University 
Medical Center, California, United States of America. 

Wear rates of polytetrafluoroethylene (PTFE) and polyethylene cups were 
compared in 9-channel and 12-channel simulators, using serum lubrication ai 
gravimetric techniques for wear assessment. Cobalt-chromium (CoCr) and 
alumina ceramic femoral heads in 22-42 mm diameter range were used to 
validate simulator wear rates against clinical data. This was also the first stud 
of three femoral head sizes evaluated concurrently in a simulator (with three 
replicate specimens) and also the first report in which any wear experiments 
were repeated. Fluid absorption artefacts were within per cent of wear 
magnitude for PTFE and +/-8 per cent for polyethylene and were corrected ft 
Wear rates were linear as a function of test duration. Precision within each se 
of three cups was within +/-6 per cent. The wear rates from experiments 
repeated over 1 5 months were reproducible to within +/-24 per cent. Howeve 
the magnitudes of the simulator wear rates were not clinically accurate, the 
PTFE wear rates (2843 mm3/10(6) cycles; 22 mm diameter) were over three 
times higher than in vivo, the polyethylene 30 to 50 per cent on the low side • 
mm3/10(6) cycles; 22 mm diameter). Volumetric wear rate increased with 
respect to size of femoral head and a linearly increasing relationship of 7 8 pt 
cent/mm was evident with respect to femoral head diameter for both PTFE ai 
polyethylene. These data compared well with the clinical data. 

PMID: 9141888 [PubMed - indexed for MEDLINE] 
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Effect of femoral head diameter on tissue concentration of wear 
debris. 

Hirakawa K, Bauer TW, Hashimoto Y, Stulberg BN, Wilde AH, Secic M 

Department of Pathology, Cleveland Clinic Foundation, Ohio 44195, USA. 

Although several studies have reported the physical properties of debris 
particles in tissues adjacent to failed total joint implants, few have correlated 
the results of particle analysis with other clinical and implant variables belie\ 
to influence implant wear. We retrospectively analyzed 41 fibrous membrane 
(from 35 patients) adjacent to failed acetabular cups from a single manufactu 
and studied the relationship between three different femoral head sizes (26, 2 
and 32 mm) and the characteristics of wear debris in the adjacent tissues. All 
total hip prostheses consisted of modular cobalt-chromium alloy femoral hea 
articulating with titanium-alloy-backed ultrahigh molecular weight 
polyethylene (UHMWPE) acetabular components from a single manufacture 
Large femoral head diameter (32 mm) was found to correlate significantly w: 
large particle size (diameter and surface area, p < 0.05), high tissue 
concentration of particles (particle volume/gram of tissue, p < 0.01), and higl 
rate of particle production (particles volume/month, p < 0.05). The results of 
these quantitative assays support the findings of radiographically based clinic 
studies that show higher volumetric wear associated with 32 mm femoral hee 
components. 

Publication Types: 
• Clinical Trial 

PMID: 9294769 [PubMed - indexed for MEDLINE] 
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Chapter 1 

Low Friction Principle 



The term low friction arthroplasty (or more cor- 
rectly low frictional torque arthroplasty) was 
coined to emphasize the small diameter of the pros- 
thetic head (22 mm) essential to the underlying 
theory. Low friction arthroplasty (LFA) is charac- 
terised even more particularly by the combination 
of a small prosthetic femoral head with a socket 
of maximum external diameter. Consequently the 
socket has! maximum wall thickness. 

The theory of low frictional torque arthroplasty 
is summarized in Fig. l.l reproduced from the 
Lancet 1961 under the title 'Arthroplasty of the 
hip— a new operation'. 



1 



1 




Fig. 1,1a, b. Original illustration of the low friction torque 
principle applied to hip arthroplasty, a Thick sockel- 
small femoral head; difference in radii favours socket 
remaining stationary; b not so with only slight differertce 
in radii 



Lubrication of Animal 
and Artificial Joints 

The author*s approach to total hip replacement 
from the point of view of lubrication started as 
a result of a chance encounter with a patient who 
had a Judet femoral head replacement for os- 
teoarthrosis 1 or 2 years previously and whose hip 
in certain positions emitted an audible squeak. En- 
quiries established that colleagues had also had 
similar experiences. In the X-rays the stem of the 



prosthesis was seen to be lying in a grossly enlarged 
track in the femur, and this suggested that under 
load high friction between the head and the arthro- 
sic socket was resisting movement and that the 
movement was now taking place between the loose 
• stem and the femur. 

This incident served to emphasize the ignorance 
of basic principles of lubrication, as applied to- 
artificial animal joints, which existed at that time. 
The mere fact that a polished sphere of a plastics 
material, or of metal, felt * slippery^ when wetted 
with tissue fluids and handled in surgical rubber 
gloves, was no proof that this slippery behaviour 
would persist in an arthrosic acetabulum under 
heavy loads. 



Lubrication of Animal Joints 

At that time the universally accepted theory of 
lubrication in animal joints gave a dominant role 
to the action of synovial fluid. Maconnaill (1950)<^> 
was impressed by the incongruity existing be- 
tween joint surfaces in the range of movement used 
when moving under load, compared with what he 
called the 'close-packed' situation adopted by 
some joints, as part of a muscle-sparing mecha- 
nism, when 'standing at ease'. Maconnaill saw 
in the incongruity of joint surfaces Nature adopt- 
ing the principle of hydrodynamic lubrication, dem- 
onstrated par excellence in the Michel bearing, 
where convergent wedges of fluid generate pressure 
under the action of rotation and separate the sur- 
faces moving under load. 

Applied to animal joints however this concept 
was not convincing, because slow motion, and es- 
pecially slow oscillating motion, is not ideally 
suited to the persistence of full-thickness fluid films 
between sliding surfaces. 
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4 — Low Friction Principle 



Up to that time the only experimental work 
which had been published on the lubrication of 
animal joints was that of E. Shirley Jones (1936)^^\ 
and of a number of experiments the one of 
greatest interest was that in which he made a freshly 
amputated human finger joint function as the pivot 
of a pendulum. This was an elegant experiment 
because it explored the resistance to movement 
of a loaded joint with the surfaces sliding at differ- 
ent speeds, this is because of the well-known fact 
of a pendulum that the time for each swing is 
the same whether the amplitude be large or small; 
therefore at the start of the experiment the speed 
of sliding wiU be high when the amplitude is great 
and will get progressively less as the amplitude 
decays. In his experiments with the amputated fin- 
ger joint Jones found that when plotted against 



-.time the decrement of each swing behaved in an 
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Angle of 
swing 




Rg. \X Original experiment of E. Shirley Jones re 
produced from his paper 



Exponential fashion, which meant that frictional 
resistance was disproportionately high at high 
speeds of sliding. This was consistent with the vis- 
cous behaviour of a fluid and from this it was con- 
cluded that lubrication of the finger joint must 
incorporate a hy drodynamic mechanism ( Fig. 1.2), 
The regime of lubrication which is the diametric 
opposite of hydrodynamic lubrication is known 
as 'boundary' lubrication. This mode of lubrica- 
tion is equivalent to the sliding of dry surfaces 
which possess intrinsically slippery qualities; the 
extreme examples being graphite or molybdenum 
sulphide or polytetrafluorethylene. Also in this cat- 
egory is the lubricating action of substances which 
react chemically with the sliding surfaces and 
thereafter function as molecular films too thin to 
show viscosity in accordance with the laws of fluid 
mechanics. A good example of this is the lubricat- 
ing action of fatty acids such as the oleic, stearic, 
palmitic acids, etc.. which form soaps in combina- 
tion with the metal surfaces of plain bearings. The 
intriguing feature of this mode of lubrication is 
that though extremely thin, as a result of being 
bound chemically to the sliding surfaces, the lubri- 
cating fihns are more resistant to rupture than 
thick films of grease or oil unable to make a chem- 
ical bond with the shding surfaces. In these latter 
cases a film of oil or grease would be able to 
remain intact only as a result of the (relatively 
small) molecular forces acting between the mole- 
cules of the oil itself. 

Th e boundary mode of lubricatio n seemed to 
3 7 the author ideally suited to the lubrication of slow- 
moving, heavily loaded animal joints and espe- 
cially since these were exposed to oscillating mo- 
tion and capable of remaining stationary under 
load for several seconds without exhibiting 'stic- 
tion* at the moment of resuming movement. It 
seemed possible that Jones had made an error in 
:hoosing a finger joint for the pivot of his pendu- 
lum because a finger joint is unstable in the absence 
of the collateral ligaments and to retain the liga- 
ments would offer greater resistance at large ampli- 
tudes of swing than at small ones; this could ex- 
plain an exponential pattern of decay of amplitude 
without postulating a viscous fluid mechanism. 

The author repeated the pendulum experiment, 
this time choosing a human ankle joint (Fig. 1.3). 
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Fig. U. Pendulum experiment using human ankle-joint 



Because of the deep curvature of the components 
of the ankle joint this biological pivot was self- 
locating in the absence of collateral ligaments, In 
these experiments the decay of amplitude followed 
a straight line (Fig. 1.4) indicating that the coeffi- 
cient of friction in the joint remained the same 
despite changes in the rate of sliding. This is a 
recognised feature of boundary friction within cer- 
tain fairly wide limits of speed. It was interesting 
also to note that the straight-line behaviour of 
the decrement of amplitude was not greatly 
changed whether the ankle joint was visibly wetted 
with synovial fluid or had been wiped clean of 
visible liquid with a dry cloth. This suggested that 
a smear of lubricant was as effective as a large 
volume, a state of affairs more in accordance with 
the theory of boundary lubrication than hydrody- 
namic lubrication. 

Against the theory of boundary lubrication as 
the sole explanation of lubrication in animal joints 
is often advanced the fact that the coefficient of 
friction of an animal joint is so astonishingly low 
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Scale reading: Amplitude 
Fig. 1.4. Graphs of decay of amplitude with number of 
swings. Increase in number of swings when visible synovial 
fluid was not wiped away with dry cloth (Expt. 12 com- 
pared with Expt. 11) did not change straight line perfor- 
mance 

(in the region of 0.01 or even less) and in ordinary 
engineering practice most examples of boundary 
lubrication have coefficients of friction in the re- 
gion of 0.10 or higher. 

However, it is still possible that the last word 
has not yet been said on the ultimate nature of 
lubrication in animal joints and» as is commonly 
the case in matters of lubrication, a mixed regime 
of fluid film and boundary lubrication probably 
exists, with Nature having discovered a unique 
means of making a mixed regime. 



6 — Low Friction Principle 



Synovial Fluid as a Lubricant 

In the designing of a total joint replacement the 
practical importance of the foregoing remarks is 
that when these experiments were extended to the 
substances likely to be used in the construction 
of artificial joints [before the introduction of high 
molecular weight polyethylene (HMWP)] it was 
found that synovial fluid was incapable of acting as 
a lubricant. Thus a chrome-cobalt surface sliding on 
chrome-cobalt; stainless steel sliding on bare bone; 
and Perspex (Lucite or polymethylmethacrylate) 
sUding on bare bone; when lubricated with bovine 
synovial fluid all presented coefficients of friction 
in the region of 0.5 and squeaked under load. On 
the other hiand stainless steel sliding on normal 
articular cartilage was well lubricated with synovial 
fluid (coefficient of friction in region of 0,05) and 
this combination therefore was not greatly inferior 
to articular cartilage sliding on articular cartilage. 
(Fig.L5). 

These observ ations therefore seemed to indica te 
that synoviallluiTwas a specific lubricant for artic - 
ular Ckrtiiage an o lor nothing else. The specificity 
ol a lubricant tor the material of a surface is char- 
acteristic ^f hftimdarv juhricatjo n because it in- 
volvcs that quaHty known as 'oiliness'. Thi s^doe s 
not apply in h ydrodynamic lubrication where oili- 
ness in a lubricant is unnecessary: water or air 
can be used to lubricate hydrodynamically, pro- 
vided that the geometry of the rotating surfaces, 
the area of the surfaces, the load to be carried 
and the speed of rotation are all known. 

From these considerations the author decided 
in 1958 that the only chance of success in lubricat- 
ing an artificial animal joint would be by using 
surfaces which were intrinsically slippery on each 
other; in other words, self-lubricating irrespective 
of whether tissue fluid were present or not. This 
led to trials of polytetrafluorethylene (Teflon, 
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+ Synovial fluid 
Fig. l.S. Typical coefficients of friction with differenl pairs 
of substances in hip arthroplasty 



PTFE) , with spectacular early resultj . Unfortu- 
nat ely the poor wearing properties of pure PTFE, 
and th e disastrous complications with PTF E 
Ti lled* with material designed to enhance wear 
re sistance, ended in PTFE being abandoned in 
196 1, aft er some 300 total hip operations had been 
performed with a number of different mechanical 
modifications. The PTFE era taught a number of 
very important lessons which might still have 
warnings for future development in this field and 
for this reason a brief review of selected exper- 
iences is cogent. 

a) Particle Size and Tissue Reaction 

It is now well known that gTFE in the hip joint 
produced vo luminous masses 9f amorphous 
caseou s material . This presumably is the protein- 
aceous material resulting from vast numbers of 
dead foreign-body giant cells. Particle size might 
be very important in the production of granuloma- 
tous material because PT FE particles were very 
lar ge (often 300 ^im) and their large size could pre- 
vent transport away from the site of production. 
The high rate of production of PTFE particles 
(rapidity of wear) in addition to the large size of 
the particles, might have been responsible for de- 
feating the available transport system for removing 
the particles and the caseous debris. T herefore slow 
production (high wear resistance ) and small size 
o f abraded partic les might be important featur es 
in reducing local accu mulations ^f ^^ffi^"^ "^te- 
rial even it the production Ot ^f'Y narficles mav 
never ne avoided. 

Therefore it would seem possible, if wear has 
to be accepted as inevitable, th at the ideal implarit 
wi ll produce very small particles . The factors which 
control the size of abraded particles of HMWP 
as yet are unknown but the particles produced 
in the (LFA) hip in the author's experience seem 
to be smaller than those produced in knee arthro- 
plasties. This might suggest that the high loading 
of a small-diameter ball can prevent 'third body' 
abrasion, perhaps by burnishing the particles into 
the surface, perhaps by the tendency of the small- 
diameter head to * bore' into the plastic and remain 
close fitting, rather than combining elements of 
rolling and sliding encouraged by the large-diame- 
ter spherical surfaces of the knee. 
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Fig. 1.6. Total wear-out of Teflon socket after 3 years. 
Note vertical direction of wear track 



'c by a factor of 



b) Direction of Socket Wear 

The rapidity of wear of Teflon hip sockets enabled 
the direction of wear to be recognised in periods 
as short as 2 or 3 years (Fig. 1.6). When wear is 
very shght, as with HMWP, it is difficult to be 
sure of the precise direction of wear. 

The fre quency with which the direction of wea r 
was vertically upwards, or even upwards and latcr- 
a»y -^^^^nrn mHa Charnley (1968^ recommend 
tha t in designing total hip replacements we should 
no t count on the jomt torce being advantageously 
in clined at 10° me(liallY. but we should assume mat 
the joint force acts as though it were directed verti- 
cally. This emphasizes, among many other matters, 
the importance of designing the hip socket to be 
totally enclosed inside the acetabulum. 

c) Fillers to Enhance Wear Resistance 

P TFE filled with glass fibre, or with a synthetic 
pmprietarv substance (Fluorosint-Polypenco) 



The s urfaces of the plastics speclntens also became 
hi ghly 'polished in these laboratory experiments 
an d the stainless steel counterface also remamea m 
^ hip>^ ct.t^ nf polish, in me human body however' 
th i s ' tvpe of filled P TPF heHSva verv b adly. P ii-b 
filled with glass fibre even after 1 year in the body 
developed a ' pasty ' surface which could be scraped 
away with a blunt instrument. F luorosint wore 
in t he body just as rapidly as ordinary PTFE but 
th e requit was even worse, because the filler acted 
a brasively and lapped meta l from the prosthetic 
head. The sockets retamed a matt surface and 
never acquired the glazed surface that they did 
in the laboratory. 

Tltrn^^f^^ MnlPPiilar Weigh! 
P olyethylen e 

Tu. intrnHiintion of HMWP by the author in 1962 
as a material for socket surfaces in joint replace- 
ment nftr essitated a change of em phasis in lubrica- 
ti on theor y as applied to artificial joints. The 
uniquTlow coefficient of fr iction of PTFE could 
no l onger be deployed and em phasis now had to 
bT TurnedT towards materials offering high resis- 
tan ce to wear and producmg tnere^ ore a minimura 
of abraded detritus . 

The coefficient of friction of HMWP is at least 
five times higher than that of PTFE, but its wear 
resistance in laboratory tests is 500-1000 times bet- 
ter. The very high wear resistance of HMWP now 
made acceptable the very high stresses on the plas- 
tics material produced by the small-diameter fem- 
oral head inseparable from concepts of low fric- 
tional torque. It thus became feasible to com- 
pensate for increased frictional resistance by de- 
signing for low frictional torque. 

In this change of policy two unpredicted factors 
came to light which helped to offset the inferior 
coefficient of friction of HMWP compared with 
Teflon. In the first place HMWP is one of the 
plastics materials whose coefficient of friction be- 
comes less under high stress; in the second place 
HMWP proved to be capable of a modest degree 
of boundary lubrication by synovial fluid. This 
latter property therefore made it an exception to 
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8 — Low Friccion Principle 



the author's statement in the early stages of this 
work that there were no substances available for 
joint replacement which could avail themselves of 
synovial fluid as a lubricant. 



Pendulum Comparator 

A method of attempting to compare the frictional 
torque of different designs of total hip implant 
is the pendulum 'comparator' illustrated in 
Fig. 1.7. This device, developed by the author at 
Wrightington, is not intended to measure absolute 
values of friction but merely to make broad, even 
qualitative, comparisons of the frictional torque 
offered by different designs of total hip replace- 
ment when compared against a 22-mm-diameter 
stainless steel sphere in a socket of HMWP. Like 
all methods of measuring frictional resistance these 




Fig. 1.7. Pendulum comparator 



tests are prone to erratic behaviour and it is impos- • 
sible to make fine distinctions over the middle 
range of observed results; but for its main purpose, 
which is to reveal extremes of behaviour, it is valid. 

The device consists of two separate pendulum systems 
each with a heavy metal bob of identical weight and swing- 
ing on ball bearings. Each pendulum carries a cylinder 
and piston connected by a flexible tube to a compressed 
air source to deliver a force of about 200 lb (90 kg) at 
each piston rod. The femoral head component of the 
device to be tested must be cut from its stem and attached, 
by brazing, to a stub to fit the piston rod. 

The sockets to be tested arc mounted in metal holders 
using acrylic cement (Fig. 1.8). The point corresponding 
to the centre of the hemispherical cavity of the socket 
must be at a prescribed distance above the base plate 
on which the holder lies. This distance is the height of 
the horizontal axis passing through the ball bearings of 
the pendulum. The metal mounts taking the hip sockets 
locate on three pins on the base of the comparator. 

The comparison is made by drawing both pendula to 
their maximum amplitude where they are held by a trigger. 
The bobs are released simultaneously without applying 
load to the hip implants to be compared The number 
of swings is counted until the pendula start to be out 
of phase but of course are still swinging vigorously (this 
will usually be about 8-10 half-cycles). This demonstrates 
that in the unloaded state there is no gross difference 
between the two sides. The bobs are again brought back 
to the starting triggers and air pressure is applied to the 
two implants to be compared. The bobs are released and 
the number of half-cycles on each side are counted until 
each pendulum stops. 

The tests are performed with bovine synovial lluid as 
a lubricant. It is important that the implants should be 
freshly washed in soapy water which is then eliminated 
by an adequate period under a running tap. Thereafter 
care should be Uken not to get grease from the fingers 
on to the test surfaces. / 

The apparatus can be criticised as being unphys- 
iological in that a constant load is maintained on 
the to and the fro half-cycles. It is not possible 
to design otherwise because slight errors of centr- 
ing, inevitable when parts of the instrument deflect 
under the load, could produce serious errors if 
the load were applied repeatedly in one direction 
and removed in the other. By maintaining a con- 
stant load the errors caused by the load assisting 
the swing in one direction are neutralised by the 
load impeding the swing in the other direction. 

Another criticism is that the state of any fluid 
film which might exist must be best at the start 
and that any contribution of fluid lubrication must 
decline throughout a lest. Against this it is main- 
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Pendulum Comparator 



Fig. 1.8. Sockets mounted in holders 
to locate centre of rotation as near 
as possible to axis of the pendulum 
comparator. 
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Fig. 1.9. A, C, F, represent different diameters of metal 
(stainless steel) ball on HMWP. The number of swings 
to stopping decreases as diameter increases: the opposite 
of what would be expected with fluid lubrication. Load 
250 lb in all cases 

/), polyester socket with 32-mm diameter chrome-cobalt 
head 

E, ceramic (AlaOa) head 31-mm diamter on socket of 

same ceramic (Boutin) 

By ceramic (Biolox) head on HWMP socket 

G, trunnion design (Weber) 42'mm polyester sphere 

H, McKcc-Farrar 41 -mm chrome-cobalt head on socket 
of same 

tained that, whatever may be the mechanism of 
lubrication, the comparison starts with all the 
joints being offered the same circumstances and 
the test reveals how different artificial joints react 
under these same starting conditions. 



An important feature of the design is that the 
plane in which the ball oscillates is not unlike that 
during the weight-bearing phase of walking in the 
human body: the axis of rotation of the ball is 
at an angle to the central axis of the socket. To 
rotate the ball on the same axis as that of the 
socket would incur great variations in frictional 
torque depending on the fit of the ball in the sock- 
et: a large socket would give point contact with 
the head in the depth of the socket and therefore 
a very low frictional moment; a too-small socket 
would cause a * cone-clutch* effect with binding 
of the head at the rim of the socket with very 
high frictional torque. An annular zone of contact 
halfway down the socket (as was recommended 
for the McKce-Farrar metai-to-metal implant) 
would give intermediate frictional torque. By oscil- 
lating in a plane perpendicular to the central axis 
of the socket, sensitivity to errors of fit of the 
ball in the socket is minimised because the length 
of the friction moment arm is the radius of the 
ball and is therefore constant. 

Some typical results, the averages of many tests, 
all using lubrication with synovial fluid, are shown 
in Fig. 1 .9. Points of special interest are as follows : 

1. Metal/HMWP 

The relationship between the number of swings 
and the diameter of the metal ball is well demon- 
strated in the sequence A (22 mm)-C (32 mm)- 
F (41 mm). If an important element of fiuid-Hlm 
lubrication were to be present one would expect 
that spheres with large diameters would make 
more swings than those with small diameters under 
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the same load Because large-diameter spheres 
would generate lower fluid pressures than small 
spheres and large-diameter sockets would present 
a longer distance through which a viscous fluid 
would have to extrude under low pressures. 

In practical tests the opposite is the case. The 
number of swings becomes fewer as the diameter 
increases (14 swings falling to 7 as the diameter 
increases from 22 mm to 41 mm) which is in favour 
of boundary lubrication theory. 

2. Metal 32 mm/HMWP (Q compared with 
metal 32 mm/polyester (D) 

The inferior performance of the polyester socket 
could be explained in several ways: (a) on bound- 
ary theory as indicating that the friction between 
metal and polyester was greater than with HMWP 
or (b) again on boundary theory that very thin 
(boundary) films of synovial fluid are not en- 
couraged by polyester but are by HMWP. On 
hydrodynamic theory the inferior performance 
might be explained by the greater hardness of the 
polyester causing any fluid film that might be pre- 
sent to be immediately ruptured, whereas the com- 
pliance of the HMWP socket could permit a fluid 
film to spread and so reach a thinner layer before 
finally rupturing (elasto-hydrodynaraic lubrica- 
tion). 

These explanations also apply to the behaviour 
of metal-to-metal prostheses (41-mm McKee 
chrome-cobalt) where three or four swings when 
dry is not improved at all (or only marginally) 
by adding synovial fluid. 

3. Ceramic Spheres and Ceramic Socket 
(31-mm diameter (E) Boutin] 

When first tested this combination performed well, 
being equal to a 35-mm metal sphere on HMWP 
i.e. C (7 swings). At this time the sphere and the 
socket both had a matt surface finish. After about 
30 demonstrations in the pendulum comparator 
(perhaps 200 swings) the performance deteriorated 
to the present stale (E) of only 4 swings. But worse 
than this, it now emits a high-pitched audible 
squeak. The appearance of the squeak and the 
deterioration of performance coincided with the 
rubbing surfaces acquiring some degree of polish. 



4. Ceramic Sphere and HMWP Socket 
[(B) 30-mm diameter Biolox (Muller)l 

This combination performs better than any other 
in the range equalling the performance of the 22- 
mm metal head. Because the Biolox head is 30 mm 
in diameter compared with the 22-mm metal head 
the coefficient of friction between this ceramic and 
HMWP must be less than that between metal and 
HMWP (The 30-mm Biolox head was an experi- 
mental head— the one used clinically is 32 mm in 
diameter.) 

5. Trunnion Hip. Polyester sphere 
(42-mm diameter (G) Weber) 

This unit performs badly in the pendulum compar- 
ator and is only slightly better than the 4Umm 
metal-to-metal McKee. It appears that very high 
frictional resistance between the large-diameter 
polyester sphere and metal socket prevents the 
small-diameter trunnion revealing its potential. It 
would seem that for a better performance the axis 
of the trunnion would have to be more horizontal 
if it is to share more of the flexion range of the 
hip joint. 



Coefficients of Friction 
in the Literature 

The precise value of the coefficient of friction be* 
tween any two sliding substances depends very 
much on the method used to make the measure- 
ment; for this reason the literature contains differ- 
ent values for the various combinations of mate- 
rials which have been used in artificial joints. 

An interesting feature of the pendulum compar- 
ator is how the performance has changed when 
giving monthly demonstrations with the same spe- 
cimens over the years, though the relative values 
have been fairly constant. This would suggest that 
changes, possibly oxidative, can affect the rubbing 
surfaces over 10 years. When polished again the 
original values were restored. 

Generally speaking a coefficient of friction be- 
tween 0.05 and 0.10 would appear to the accepted 
value for metal on HMWP lubricated with synov- 
ial fluid (Simon and Radin) Compared with 
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Chamtey hip joint unlutyicated 



0.2 



0.1 



2(359N,29.6mm/s) 



3(2000H2Bnim/s) 
- 4(212SN.13mm/s) 



1 



Time (hours) 



Fig. 1.10a, b: Leeds pendulum experiment with load var- 
ied throughout each cycle, by hydraulic mechanism, to 
simulate human gait, a Lubricated with bovine synovial 
fluid and b unlubricatcd. Note decrease in coeOlcient of 
friction as toad increases. Fact that performance is not 



the coefficient of friction in normal animal joints, 
an order of magnitude lower, these are not particu- 
larly low values. 

In a series of experiments carried out by the 
Bioengineering Group in Leeds using a differ- 
ent type of test, even higher factional resistance 
was recorded with the 22-mm Charnley prosthesis 
on HMWP and the results were not materially 
reduced when lubricated with synovial fluid. This 
test was a pendulum experiment but the amplitude 
was maintained by an external power source. The 
load on the joint was varied by a hydraulically 
operated system which applied peak loads at the 
extremes of motion corresponding to 'heel-strike' 
and 'toe-off in human gait. This physiological 
method of loading therefore would encourage fluid 
lubrication in the n on -weight-bearing half-cycle, 
not possible in the author's very simple compara- 
tor. The frictional resistance was monitored at each 
swing. Fig. 1.10a, b reproduce their findings. It will 
be seen that within lOmin of starting a lest, with 
or without synovial fluid, there was a rise in fric- 
tional resistance to 0.15 under a load of about 
450 lb (2000 N). In this pendulum experiment it 
was notable that the coefficient of friction of the 
22-mm head on HMWP, with or without synovial 
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CharrUey hip joint tubricaited with bovine synovial fluid 

2(359N,29mm/s) 




4(2125N.13mm/s) 
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different, lubricated or not lubricated with synovial fluid, 
despite loaded and unloaded half<ycles, strongly favours 
boundary lubrication mechanism as major contribution 
to lubrication 



fluid, was less under high loads than when lightly 
loaded. Thus under 80 lb (359 N) n=0.3 whereas 
at 450 lb approx. (2000 N) the coefficient of fric- 
tion was half this value — 0.15). 



Is Low Frictional Torque Essential? 

High frictional torque in a total hip under the 
full load of joint force in theory will help to loosen 
cement bonds. In theory also high frictional torque 
will reduce the amount of external work which 
the muscles can do by energy lost as heat in the 
bearing. Energy lost cannot be demonstrated in 
clinical practice, though in metal-to-metal bearings 
in laboratory conditions it can always be demon- 
strated that they offer frictional resistance to move- 
ment under heavy load and become warm. 

On four or five occasions the author has 
performed bilateral total hip replacement compar- 
ing the 22-mm metaUto-plastic LFA in one hip 
with a 41-mm-diameter metaUto-metal McKee in 
the other and, with technically sound implants on 
both sides, no subjective difference between the 
two sides was volunteered by the patient nor was 
admitted on questioning. These patients did not 
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notice any feeling of weakness on the side of the 
metal-to-metal hip when ascending stairs com- 
pared with their sensations on the low-friction side. 

The author suggests as one possible explanation 
that in the load-bearing phase of ascending stairs 
the ihetal-to-metal bearing might Mock' and func- 
tion as an arthrodesis. The same theory could 
conceivably apply even in bilateral metal-to-metal 
arthroplasties when ascending stairs: in this case 
the unloaded metal-to-metal hip will flex freely 
to reach the upper step, then it will progressively 
lock as load is transferred to it ; the locked opposite 
hip which is taking load then progressively unlocks 
as load is removed. A considerable experience of 
arthrodesis of the hip indicates that in a unilateral 
arthrodesis the only defective phase in mounting 
stairs is that of reaching the upper step with the 
foot of the arthrodesed side. The act of putting 
weight on the arthrodesed hip and raising the body 
offers no problem and the sensation is indis- 
tinguishable from that of normal hip. In offering 
this explanation the locking is visualised as a grad- 
ual process, the change from free movement to 
seizure occupying perhaps 10^. Another 10** . could 
easily be contributed by movement of pelvis and 
spine. 

Another curious phenomenon, in the light of 
bad performance in the laboratory, when consider- 
ing the behaviour of metal-to-metal total hip joints 
in clinical practice is that patients do not feel 
'stick-slip' (which is the basis of a squeak) yet 
this is invariably detected when attempting to 
move a metal-to-metal total hip lubricated with 
synovial fluid under heavy load in the laboratory. 
In an experiment which the author has demon- 
strated many hundreds of times to visitors, a 4 1 -mm 
McKee arthroplasty is wetted liberally with bovine 
synovial fluid and while the visitor is moving it 
slowly to and fro, manually through the medium 
of a lever, air pressure is suddenly applied to de- 
hver 200 lb force. The metal-to-metal total hip 
locks instantaneously without a detectable period 
even as short as 0.5 s which might be occupied 
by the extrusion of the synovial fluid. Thereafter 
to move the metal-to-metal joint demands very 
considerable force, a grinding sound is audible and 
vibrations are detected through the lever. 

One explanation could be that patients might 
not have a sensory mechanism in the bones of 



the hip capable of transmitting this type of vibra- 
tion to consciousness. It is always surprising to 
observe how patients with unoperated arthrosic 
hips which emit loud grating sounds seem to detect 
this by their ears just as do others in the same 
room- they do not seem to associate it with a 
special sensation coinciding with the grating 
sound. 

Yet another explanation might be that in the 
living body, metal-to-metal joints might be lubri- 
cated with a type of synovial fluid which cannot 
be imitated by bovine synovial fluid in the labo- 
ratory. In other words, a proteinaceous substance 
in the living environment might become conju- 
gated with the metallic elements in the sliding sur- 
faces in a way not reproducible in the non-living 
circumstances of the laboratory. 

As regards the question whether low frictional 
torque in a total hip replacement plays a significant 
role in preventing loosening of the cemented com- 
ponents, an argument cited against this is derived 
from experimental work on sockets cemented into 
the cadaveric acetabulum (Anderson et al) ^''K In 
this study it was found that torsional moments 
needed to loosen cemented sockets were from 4 
to more than 20 times greater than any frictional 
moment capable of being transmitted from a pros- 
thetic femoral head. While there can be no disput- 
ing these laboratory findings this type of experi- 
ment overlooks the fact that if demarcation of 
a cemented socket from the adjacent cancellous 
bone is present (from the biological reaction of 
bone to microscopic movement of cement in con- 
tact with it over a period of years) the avoidance 
of high frictional torque might permit such a 
socket to function for many more years than would 
be the case if high frictional torque were present. 
The loading of a cemented socket in the relatively 
constant direction of the joint force is almost cer- 
tainly the main cause pf socket loosening; but add 
to this high frictional torque in the later stages 
of this process and then clinical failure is acceler- 
ated. 
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Thickness of Socket Wall — 13 



Fig. 1.11a, b. Demonstrating magnitude offerees reactmg 
on cement bonds, both of socket and of femoral pros- 
thesis, at moment of traumatically exceedmg designed 
range, a In case of small-diameter head, force resistmg 
dilation of capsule is small; consequently equal and oppo- 
site force reacting against socket also is small; but thick- 





walled socket preserves maximum external surface area 
to resist shearing force imposed on it. b In case of large- 
diameter head, force resisting dilation of capsule is great; 
consequently equal and opposite force reacting agamst 
socket also is great; but external surface area of socket 
resisting shearing forces is identical with that in case a 



Size of Femoral Head and the 
* Safety Valve' of the Hip 

The small-diameter femoral head demanded by the 
theory of low frictional torque originally caused 
some anxiety because obviously it could be prone 
to post-operative dislocation. Once the factors con- 
trolling stability had been clearly defmed 
(Chap. 19) an advantageous side-effect was rec- 
ognized in the possibility that transient subluxation 
could occur during severe trauma. By transient 
subluxation we mean momentary and incomplete 
escape of the femoral head from the socket when 
the joint is forcibly and traumatically made to 
exceed the designed range. Incomplete escape of 
the head is then followed instantaneously by return 
of the head to its normal position when the over- 
stretched limb returns within its proper range. 

In the case of the 41 -mm McKee prosthesis a 
common observation at secondary interventions 
is a bright spot on the neck corresponding with 
a point of impingement on the rim of the socket, 
McKee himself frequently attributed loosening of 
one or other of the components to the patient 



sustaining trauma as the result of a fall. In our 
experience with the 22-ram head we cannot recall 
a single case where loosening of cement clearly fol- 
lowed trauma. On the contrary it is a common 
experience to have elderly patients reporting back 
to hospital after falls, proved by demonstrating 
cuts or bruises on their knees. 

The author's explanation is that if a 41 -mm- 
diameter McKee head is at the critical point of 
starting to be levered out of the socket, as the range 
is being forced beyond the point of impingement 
of the neck, the large head will have to stretch 
the capsule (or the fibrous reconstruction of the 
excised capsule) to produce a much greater vol- 
umetric distension of the capsule than would be 
the case with a small head (Fig. 1. 11). The force 
needed to do this would react on the stem of the 
femoral prosthesis and possibly also on the socket. 



Thickness of Socket Wall 

The concept of low frictional torque in total hip 
replacement using a prosthetic head of minimum 



14 — Low Friction Principle 



diameter and a socket of maximum external diame- 
ter, was prompted originally by the idea that a 
major difference in diameters would render cement 
in the acetabulum unnecessary. It was also rec- 
ognized that a plastics socket with a thick wall 
would diffuse the load from a small ball more 
evenly over the socket-cement-bone interface than 
would a large ball acting through a thin-walled 
socket The more uniformly loaded is the cement 
tayer in the acetabulum the less likely is it to 
produce * high spots' on the cement-bone interface 
which might precipitate minute, localised move- 
ment between cement and bone eventually produc- 
ing a histiocyte reaction and bone cavitation with 
the start of loosening (Chap. 4). 




b 

Fig. 1.12a, b. Photoelastic models to illustrate efTect of 
thickness of socket on distribution of load. Sheet of photo- 
sensitive plastics material represents the bone of the 
acetabulum. It is important that the external surface of 
HMWP socket should be adherent to substance repre- 
senting bone (simulaUng the spcket-cement-bone entity). 
Grooved metal bar cemented to top of sheet of photo- 
elastic material helps to diffuse load from test apparatus 
equally over the specimen, so reducing 'high spots' to a 
minimum. 

a 22.25 mm diameter metal cylinder - 56 mm external 
diameter HMWP 'socket'; b 50mm diameter metal 
cylinder - 56 mm external diameter HMWP 'socket' 



With the general trend (by 1977) for designs 
of metal-to-plastics total hip to be inoving towards 
the smaller ranges of femoral head (32, 28 and 
25 mm) it seemed unUkely to be profitable to 
examine further the effects of small differences in 
diameter, but in 1978 the * double-cup' design of 
hip arthroplasty has emerged, using a metal sphere 
up to 50 mm in external diameter with a socket 
only about 3 mm thick (Appendix B). Because the 
14-year studies of the LFA (Chap. 6) have shown 
that socket loosening is going to be the most likely 
cause of very late failure, even with a small-diameter 
head and a thick socket, there is a possibility that 
a very large head and a very thin socket could be 
a retrograde step. This prompted the author with 
engineering colleagues 0 to undertake photo-elastic 
studies to illustrate load distribution at socket-ce- 
ment-bone interfaces in relation to the thickness 
of the wall of a socket. 

The photo-elastic demonstration used two models 
where the bone of the pelvis was represented by a 
sheet of Araldite CT 200 and the metal spheres by 
cylindrical steel discs (Fig. 1.12). The large metal 
disc measured 50 mm in external diameter and the 
small disc, 22.25 mm. The HMWP sockeU were 
represented by semicircular discs both 56 mm in 
external diameter cemented into semicircular con- 
cavities of the same diameter in the Araldite. It 
was imperative to have a cemented joint between 
the polyethylene and the Araldite just as in the living 
situation. 

The concavities of the polyethylene discs originally cor- 
responded to the diameters of the metal cylinders but 
after cementing in position were too tight, and scraping 
was necessary to achieve a fit which gave the same sen- 
sation of free movement present in the hemispherical spec- 
imens used in surgery. 

When viewed through a circular polariscope the result- 
ing fringe patterns for an applied load of 325 lb arc given 
in Fig. 1.13 for the small ball and for the large ball. The 
fringe orders arc proportional to the principal stress in 
the Araldite. For the small ball the maximum fringe order 
is estimated to be 2.5 and stresses are more or less evenly 
distributed over the 180° interface between the socket 
and the Araldite. For the large ball the maximum fringe 
order is estimated to be 3.5 and stresses are concentrated 
over the central 90* of the interface between the socket 
and the Araldite. 

') Dr. R. Kitching and Dr. R.D. McLeish, Department of 
Mechanical Engineering, University of Manchester In- 
stitute of Science and Technology. 
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The maximum stresses in the plastic representing 
the bone of the acetabulum are (15/2.5) (L4 times) 
higher with the thin socket than with the thick 
socket and these higher stresses are distributed 
over only about one-half of the area of cement- 
bone interface. The lower stresses produced by 
the thick socket are distributed more or less evenly 
over the whole area of the cement-bone interface. 
If the fit between the large ball and the thin socket 
were to be less good than in this experiment the 
zone of high stress would be more localised and 
higher in magnitude. With the thick socket on the 
other hand the stress will continue to be more 
evenly distributed ori the cement-bone interfaces 
even if the ball were to be considerably smaller 
than a perfect fit. 

From the point of view of the surgical manufac- 
turer it is always difficult to be sure to what extent 
a socket of a plastics material made to close toler- 
ances will hold these dimensions when internal 
stresses, etc. are relieved. It would be disastrous 
to use a socket which is too tight on a large head, 
because this could act as a powerful 'brake' and 
never have an opportunity to wear loose. Also 
to make different sockets and heads interchange- 
able, there will always be a tendency to deliver 
sockets erring on the side of looseness on a large 
head. 

To this must also be added the fact that plastics 
materials have a much higher coefficient of thermal 
expansion than metal. Ideally a manufacturer 
should supply a socket which is too tight at room 
temperature so that it will be a perfect fit when 
at body temperature, but it is preferable to err 
on the side of a loose fit and hope that the head 
will adapt perfectly by a combination of wear and 
plastic flow. 



Thickness of Socket Wall — 1 5 





Fig. 1.13a, b. Top Uluslration shows the thick socket under 
load firom small-diameter metal prosthetic head. Fringes 
are distributed evenly over whole surface of socket. Bot- 
tom illustration shows thin socket and large-diameter 
metal prosthetic head under same load as abdve. Stresses 
are now concentrated over only a 9^ quadrant of socket 
surface and are nearly 1 .5 x higher than in case above. 
Under polarised light and both under load of 325 lb: 
a Two fringes on specimen (a) of Fig. 1.12; b three fringes 
on specimen (b) of Fig. 1.12 
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Fixation of acetabular cups without cement in total hip 
arthroplasty. A comparison of three different implant surfaces 2 
a minimum duration of follow-up of five years. 

Manley MT, Capello WN, D' Antonio JA, Edidin AA, Geesink RG. 

Indiana University School of Medicine, Indianapolis 46202, USA. 
mtmanley@mindspring.com 

We evaluated 377 patients (428 hips) who had been managed, by a total of 
fourteen surgeons at twelve clinical sites in the United States and Europe, wi 
a porous-coated press-fit acetabular cup, a hydroxyapatite-coated threaded 
screw-in cup, or one of two similar designs of hydroxyapatite-coated press-fi 
cups between April 1987 and November 1992. The same type of 
hydroxyapatite-coated femoral stem was inserted without cement in all patiei 
After a minimum duration of follow-up of five years (mean, 7.9 years; range, 
5.3 to 9.1 years), one (1 per cent) of the 131 hydroxyapatite-coated threaded 
cups, two (2 per cent) of the 109 porous-coated press-fit cups, and twenty-on 
(1 1 per cent) of the 188 hydroxyapatite-coated press-fit cups had been revise* 
because of aseptic loosening. A common radiographic sign of impending fail 
of the hydroxyapatite-coated press-fit cups was radiolucency at the interface 
between the implant and the subchondral bone beneath it. This radiolucency 
usually was seen initially more than two years after implantation. Radiograpl 
evaluation of the 383 acetabular implants that were in situ at the time of the 
most recent follow-up showed that 123 (99 per cent) of the 124 hydroxyapati 
coated threaded cups, 101 (98 per cent) of the 103 porous-coated cups, and 1 
(89 per cent) of the 156 hydroxyapatite-coated press-fit cups were stable witl 
osseous ingrowth (as indicated by the absence of radiolucency at the interface 
and the absence of migration within the acetabulum). The probability of 
revision due to aseptic loosening was significantly greater for the 
hydroxyapatite-coated press-fit cups than it was for the hydroxyapatite-coate 
threaded cups or the porous-coated press-fit cups (p < 0.001 for both 
comparisons). Within the group of patients who had a hydroxyapatite-coated 
press-fit cup, the probability of revision due to aseptic loosening was 
significantly greater in association with a young age (p = 0.003), female gene 
(p = 0.02), the use of a femoral head with a diameter of thirty-two millimeter 
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Metal-UHWMPE (Ultra High Molecular Weight Polyethylene) 
wear: experimental testing. 

[Article in English, Italian] 

Affatato S, Terzi S, Nardi D, Toni A, Cianci R. 

Laboratorio di Tecnologia dei Materiali, Istituti Ortopedici Rizzoli, Bologna. 

Testing conducted on a hip joint simulator verified the Chamley hypothesis t 
the diameter of the prosthetic head is proportional to wear. The study was 
conducted by pairing heads in Ortinox TM with acetabular cups in polyethyl* 
at high molecular weight (UHMWPE). A comparison between the different 
sizes of the heads (26 and 30 mm in diameter) showed a different trend in the 
wear rate; in particular, the head with a smaller diameter behaves better 
tribologically than the head with a larger diameter. 

PMID: 9618977 [PubMed - indexed for MEDLINE] 
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Prosthetic hip range of motion and impingement The effects of 
head and neck geometry. 

Chandler DR, Glousman R, Hull D, McGuire PJ, Kim IS, Clarke IC, 
Sarmiento A. 

Two major design parameters to total hip arthroplasty which can be selected 
optimize for anatomical variation are head diameter and neck length. By usin 
cadaveric pelvis mounted in a three-dimensional protractor, it was shown tha 
increased head-neck diameter ratio results in increased range of motion, with 
decreased prosthetic impingement, and that increased neck-length results in 
increased range of motion, with increased prosthetic impingement. Head 
diameter has no range of motion effect in arcs characterized exclusively by 
bony impingement, and neck length has no range of motion effect in arcs 
characterized exclusively by prosthetic impingement. The surgeon is current! 
confronted with a variety of prostheses with different head-neck diameter rat 
and neck lengths. When choosing the optimal prosthesis for a particular patie 
the surgeon is often restricted by various anatomical constraints. While a larg 
head diameter cannot always be chosen, an adequate range of motion withou 
prosthetic impingement can still be achieved by ensuring that head-neck 
diameter ratio is optimum. A sufficient neck length to ensure adequate range 
motion is desirable, but the neck should not be so long that neck-socket 
impingement is of concern. Optimum clinical range of motion, with minimal 
prosthetic impingement, may be achieved with a large head size and a mediu 
neck length. 

PMID: 7083681 [PubMed - indexed for MEDLINE] 
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THE ROLE OF ACETABULAR COMPONENT SCREW HOLES AND/OR 
SCREWS IN THE DEVELOPMENT OF PELVIC OSTEOLYSIS 



'^SCHMALZRIEPfT.P.; BROWN, I.C; AMSTUTZ. H.C; ENGH, C.A.; HARRIS. W.H. 
JOIia>f(EPLACEMENT INSTITUTE AT ORTHOPAEDIC HOSPITAL AND 
HARBOR-UCLA DIVISION OF ORTHOPAEDIC SURGERY 



Introduction: Anecdoul reporting of osteolysis around 
cementless modular acetabular components with holes 
through the metal shell and/or iliac fixation screws has 
raised concerns that such designs may generate excessive 
paniculate debris and/or penmit direct access of particulate 
debris to iliac bone. Incidence data has not been reported 
for these scattered cases. To determine the incidence of 
pelvic osteolysis and the relationship to acetabular 
component design features, we reviewed radiographs of 
513 total hip replacements. The acetabular components 
used in these reconstrucdons have different design features 
which include, one-piece versus modular constnicuon, 
solid shells versus shells with holes, and fixation screws 
versus no screws. 

Materials and Methods: Sequential radiographs were 
reviewed by the same investigator from six different 
single-surgeon THR series using porous ingrowth 
acetabular components (AC). The occurrence and location 
of non-linear, scalloped or cystic pelvic bone resorption 
(osteolysis) was recorded. Group 1 was a solid, one- 
piece, beaded, cobalt-chrome AC subilized by three 
screws placed through peripheral flanges. Group 2 was a 
titanium fiber-mesh AC with a modular polyethylene liner 
and multiple screw holes through the shell stabilized 2-5 
screws. Group 3 was this same AC "press-fit" without 
any screws. Group 4 was a solid, one-piece, porous 
coated cobalt-chrome AC stabilized by three spikes. 
Group 5 was a modular titanium fiber-mesh AC vnth an 
intrinsically stable chamfered cylinder design (CCD). 
Thirty-five of these had a completely solid shell and 78 
had a single 8.5mm pilot hole. Group 6 was a dual- 
geometry component that had intrinsic stability and 
multiple screw holes. 

Results: With follow-up ranging from 40 to 108 
months, a total of forty-five pelvic osteolytic lesions were 
observed (8.8%). Pelvic osteolysis was seen nearly as 
frequently in the ischium and pubis (21 lesions) as it was 
in the ilium (24 lesions). Ischial and pubic osteolysis 
cannot be explained by holes and/or screws through the 
acetabular component shell. On this basis alone, an 
alternative explanation of pelvic osteolysis with cementless 
acetabular components is needed. 

There was no direct correlation between the 
presence of screw holes or screws and the incidence of 
pelvic osteolysis. The incidence of pelvic osteolysis 
around modular components with holes through the shell 
was 4.5% (fourteen of 313 hips). The incidence of pelvic 
osteolysis with solid-shell components was 15.5% (thirty- 
one of 200). The incidence of pelvic osteolysis around 
acetabular reconstructions , with screws was 2.3% (three of 
1 33). The incidence of pelvic osteolysis in reconstructions 
without screws was 11.1% (thirty-two of 380). The 
incidence of pelvic osteolysis with modular components 
was 6.9% (twenty-four of 348) and the incidence of pelvic 
osteolysis in one-piece acetabular components 
(polyethylene pre-fixcd in die metal shell) was 12.7% 
(twenty-one of 165), The development of osteolysis was 
associated with larger head sizes and/or longer follow-up. 
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Discussion: If holes or screws through an acetabular 
component shell predisposed to pelvic osteolysis, then one 
would expect to have an increased incidence with such 
reconstructions. We have not observed this. Based on 
this review tiicrc does not appear to be a direct relationship 
between holes and/or screws through an acetabular 
component and the development of pelvic osteolysis. 
Further, ischial and pubic osteolysis cannot be explained 
by holes and/or screws through die AC shell. These data 
combined with intraoperative observations and tissue 
samples indicate that, regardless of other acetabular 
component design features, die major route of joint fluid 
and polyethylene wear debris to the bone behind the 
component is from the femoral-acetabular articulation 
around the periphery through regions of the implant-bone 
interface without sufficient contact or tissue ingrowdi, 
similar to what has been demonstrated for cemented AC. 

Improvements in joint implants are necessary to 
minimize the generation of particulate debris and access to 
bone. While screw holes may provide an access channel 
in specific cases, our data, if all other factors in this 
comparison were equal, would suggest that the simple 
elimination of holes through die acetabular shell will not 
eliminate pelvic osteolysis. The development of pelvic 
osteolysis is multifactorial and includes the total volumetric 
wear of polyediy lene as well as specific features of the AC 
design and reconstruction technique. 
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The Relationship between the Design, Position, and Articular 
Wear of Acetabular Components Inserted without Cement 
and the Development of Pelvic Osteolysis* 

BY THOMAS P. SCHMALZRIED. M.D t. DAN GUTTMANN. M.D.t, MICHAEL GRECULA. M.D.t. 
AND HARLAN C AMSTUTZ. M.D.t, LOS ANGELES. CALIFORNIA 



Investigation performed at the Joint Replacement Institute, Los Angeles 



ABSTRAdp Between 1983 and 1987, an acetabular 
tomponent w«h a unique chamfered-cylinder design was 
inscrieii withdtit cement in 134 hips- With use of this 
^^esign, initial ^bility is achieved through a cylindrical 
^interference fit Vith the peripheral rim of the acetabu- 
lum, without th^eed for pegs, spikes, or screws. 

At an average of sixty-fo "r pinnth<t (range, forty to 
ninety-six moMlhi) alter implantation, follow-up data 



the reoperation, a communication that had led to the 
pelvic osteolysis was found through areas of bone re- 
sorption at the periphery of the implant-bone interface. 
These areas were essentially cystic and were filled with 
a mixture of fluid and friable, yellow-tan tissue. It ap- 
peared that the osteolytic process had expanded into 
the soft cancellous bone and marrow while being con- 
tained by the denser cortical shell of the pelvic bones. 



Cl^ available for 1 13 hips (ninety-three patients). No T hus, even with an implant designed to achieve a tight 
4omnoncnt had be^TTTvised for loosening or was p fflbheral iii, o steolysis ot tne pelvis flfflirrgd. ^ 

- ' - . " - . * 'Alihough fixation of the acetabular component has 

been improved by porous-ingrowth technology, bone re- 
sorption remains a problem. Compared with the cement 



"adlographically loose- However, the prevalence of 
a^^ osteolysis o f the nelvis was 17 per cent 

nineteen hips). I'his bone loss was generally not asso- 
"dated with pain or other symptoms. 

Ten of the nineteen hips that were associated with 
^elvic osteolysis (including six of the nine that were 
associated with osteolysis of the ilium) had been recon- 
ducted with use of an acetabular component that had 
holes in the shell (that is, the shell was completely 
Tolid). This Finding indicates that, while elimination of 
'oles through the acetabular shell may have advantages, 
l|>vill not prevent pelvic osteolysis. The osteolysis of the 
liim was associated with a lateral opening of the ace- 
n^^bular component of more than 50 degrees (p < 0.0001). 
" ah of the hips in this series had insertion of a 
prous-ingrowth femoral resurfacing component made 
f titanium alloy. These components are no longer 
iised. Revision of the femoral side due to osteolysis 
rovided a unique opportunity to inspect directly forty- 
Jwo clinically well functioning acetabular components, 
f An of the polyethylene liners and acetabular shells 
were found to be rigidly fixed, inflammatory tissue at 
J periphery of the implant-bone interface resulted in 
. rcuuirerential resorption of periacetabular bone de- 
Ijpile rigid fixation of the component. This is direct 
Evidence that a process of bone resorption similar to 
'^hat reported at the cement-bone interface of cemented 
^Bcetabular components can occur at the implant-bone 

^Interface of components inserted without cement. At 

\i 

*N" iHMioliis in any form have been received or will be received 
om ;i .^-rcial pariy related direcily or indirecily lo the subject 
?this ;]riiclc. No funds were received in support of ihis study. 
^ tJoini Replacement Institute, 2400 South Flower Street. Los 
.gclcs. California 90007. 



bone acetabular interface, porous ingrowth may offer 
increased resistance to the ingress of joint fluid and wear 
debris into the implant-bone interface, but fluid and 
debris may seek other pathways away from the interface, 
including the soft cancellous bone of the pelvis. 

Data from Wrightington Hospital in Manchester, 
England, and from other centers have indicated that the 
major long-term problem with total hip arthroplasty 
performed with cement is loosening of the acetabular 
component accompanied by loss of acetabular bone and 
migration of the component". This probleni has been 
linked directly to wear of the polyethylene acetabular 
component. Analysis of cemented acetabular compo- 
nents in specimens that have been retrieved at autopsy 
revealed that small polyethylene wear particles at the 
periphery of the cement-bone interface were associated 
with a foreign-body inflammatory response, which initi- 
ated loosening by progressive resorption of the bone 
immediately adjacent to the cement mantle". 

A five to seven-year review of radiographs suggested 
that a similar process of interfacial bone resorption may 
occur with acetabular components inserted without ce- 
ment-', and the histological findings from the periphery 
of the implant-bone interface of these components were 
essentially identical to those of cemented acetabular 
implants''. The achievement of initial contact between 
the porous surface and the bone at the periphery of the 
acetabulum has been associated with a reduction in pro- 
gressive radiolucencies at the periphery, possibly by re- 
tardation of the ingress of joint fluid and polyethylene 
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TABLE I 

Data on the Nineteen Patients (Nineteen Hips) Who Had Pelvic Osteolysis 



0as6 


Sex, 






Ut. 


Type of 


Site of 


Age 
(Yrs.) 


Diagnosis 


Side 


Opening 

\ L/C forces f 


Version 


Lesion 


Group 1* 














1 


M.69 


Osteoarth. 


L 


66 


Anl^vprc 

/^lllCT&i s. 




2 


M,37 


Osieoarth. 


L 


55 


Re trovers. 


lliunn 


3 


M,61 


Osteoarth. 


R 


62 


Ante vers. 


Ilium 


4 


M.58 


Osteoarth. 


L 


50 


Antevers. 


Pubis 


Average 


56 






58 






Group 2 1 














5 


M,53 


Osteoarth. 


L 


65 


Ante vers. 


Ilium 


6 


M.63 


Osteoarth. 


L 


60 


Neutral 


Ilium 


7 


M,37 


Osteonec. 


R 


50 


A ntA v^rc 

fAlllC Vwl d. 


Ilium 


8 


M.S6 


Osteoarth. 


L 


55 


MCUIIOl 


Ilium, 

loCillUIIl 


9 


F,39 


Osteoarth. 


L 


40 


Neutral 

1 ^WmiI CII 


IC/*Ktlim 
LodlllJIll, 


10 














F.55 


Fract.- 
disloc. 


R 


35 


Afilffv^rc 


Pubis 


Average 


51 






51 






Group 3f 














11 


F,69 


Osteoarth. 


L 


65 


Anl^v^rc 
1 1 (V vc 1 s. 


Ilium 


12 


M,37 


III. 


L 


ou 


Neutral 


Ilium 


Average 


53 






63 






13 


M,30 


Rheum, 
arthrit. 


L 


55 


Neutral 


Ischium 


14 


F,59 


Osteoarth. 


R 


55 


Antevers. 


Ischium 


IS 


M,67 


Osteoarth. 


L 


35 


Antevers. 


Ischium 


16 


F,70 


Osteoarth. 


R 


45 


Neutral 


Ischium 


17 


F.69 


Osteoarth. 


R 


50 


Neutral 


Ischium 


18 


F,65 


Osteoarth. 


R 


44 


Neutral 


Ischium 


Average 


60 






47 






19 


M,53 


Osteoarth. 


L 


45 


Antevers. 


Pubis 


Average, 


58 






51 






Group 3 














Average 


55 






52 






over-all 















Size of 
Osteolytic 
Area 
(cm) 



Duration 
Postop. 
until 
Lesion 

First Seen 
(Mos.) 



Duration 
until 
Reop. 
(Mos.) 



Duration 

of Polyeihyl. 
Follow-up Wear 
(Mos.) (mm) 



Hole in 
Aceiab. 
Shell 



Hip Scored (P /j 
Pain Walk. Fund 



5.5x7.5 
2.0x2.5 
2.5x5.0 
2.3x3.0 
3.1x4.5 

1.0x1.5 
1.0x1.0 
3.0x5.0 
2.5 X 6.7, 

2,2x2.3 
2.0x2.0. 

0.5x1.5 
2.0x2.1 

1.8x2.8 

1.2x1.2 
0.7x0.8 
1.0x1.0 
1.7 x2J 

2.6x4.2 
1.7x2.1 
1.5x1.5 
2.0x2.8 
3.0x3.0 
2.1x2.7 
1.4x2.0 
1.8x2.2 

Z0x2.9 



10 


48 


85 


6.5 


No 


10 


7 


32 


71 


79 


2.5 


No 


7 


9 


12 


74 


74 


4.5 


No 


Q 


5 


13 


96 


96 


3.5 


No 


10 


10 


17 


72 


84 


4.3 






19 


19 


81 


6 


Yes 


8 


8 


25 


50 


63 


1.5 


No 


7 


8 


41 


66 


67 


1.5 


Yes 


8 


1(1 


12 


54 


60 


0.5 


Yes 


8 


10 


33 


77 


78 


1.5 


Yes 


9 


9 


18 


66 


70 


0.5 


Yes 


6 


6 


25 


55 


70 


2 








15 




79 


2 


No 


9 


10 


30 




62 


2 


No 


9 


K 


23 




71 


2 








9 . 




60 


0.5 


Yes 


9 


4 


26 




87 


I 


No 


9 


9 


20 




76 


0.5 


Yes 


3 


5 


28 




60 


0.5 


Yes 


9 


10 


17 




58 


1.5 


No 


7 


8 


36 




47 


1 


Yes 


10 


9 


21 




65 


0.8 








38 




88 


0.5 


No 


10 


8 


24 




69 


1.1 









8i 



8:. 

101 



10: 



23 



72 



2.0 



♦The patients in Group 1 had a revision because of mechanical failure of ihe acetabular component 
i-nl! I ll^^ ^ reoDeration because of failure of the femoral resurfacing component. 

X ITie patients in Group 3 had well functioning hips. 



a line drawn through the bottom of each teardrop con- 
tour. Medial migration was evaluated by measurement 
of the horizontal distance from a perpendicular line 
drawn through the base of the teardrop to the most 
inferior edge of the component. Wear of the polyethyl- 
ene was estimated on the anteroposterior radiograph by 
measurement of the change of the center of the femoral 
component relative to the acetabular shell. 

Although the relationship between a continuous ra- 
diolucency around an acetabular component inserted 
without cement and the mechanical stability of the 
component has not been determined", we analyzed the 
implant-bone interface for evidence of continuous ra- 
diolucency We observed a pattern of bone loss in which 
resorption of periacetabular bone progressed away 
from the implant-bone interface and into the pelvic 
bones. In these instances, the bone resorption had a 
cystic and expansile nature (Figs. 1-B through 3-Q4-A, 
and 4-B), which we refer to as balloon-like pelvic os- 
teolysis. The measurements of these lesions were made 
on the anteroposterior radiographs. 

At the reoperation, the stability of the polyethylene 
liner within th 



of vigorous manual forces in compression, distracti 
and rotation. The stabihty of the acetabular shell| 
assessed by application of a vigorous compression! 
to the rim of the shell. If any motion was visible^ 
fluid was expressed from an interface, then thef: 
ponent was considered loose. The retrieved fernS 
components were inspected grossly for damage oh 
articular surface. Because the femoral side was revl 
to a conventional (stemmed) implant with a femd'' 
head diameter of twenty-eight millimeters, the aceta 
lar polyethylene liner, which had a large inner dianije 
had to be removed and replaced with a polyeihyle 
liner that had an inner diameter of twenty-eight iftj 
meters. The retrieved polyethylene liners were ex^ 
ined grossly and with an optical microscope to a' 
both articular (concave surface) and backside (con^ 
surface) wear patterns and embedded material. 

At the reoperation, we routinely resected the en 
pseudocapsule and any reactive soft tissue in iho ope 
live field. Histological analysis was performed on s^ 
mens of tissue from the pseudocapsule, soft tissue 

. ^ _ ^ the areas of bone resorption around the intra-arti., 

i<ggg4jul^^^lT^||a^ ^0pyiargin of the acetabular shell, and tissue from anX 

Tin-: JOUKNAI. (>l- UONI: AND \0\S'\ SHR, 



fiions ut balloon-like osteolysis in the pelvis. Specimens 
ere processed with use of standard techniques. The 
Actions were examined under both plain and polar* 
-i^ light at a maximum magnification of 1000, with use 
f oil immersion and very high-quality optics (Zeiss- 
^hoiomicroscope IIIRS; Carl Zeiss, Thornwood, New 
'ork). A quarter-wave plate was used for bidirectional 
-ghl polarization (model 1153; American Optical, Buf- 
'klo, New York). Ground sections of the porous sur- 
Bces were analyzed qualitatively for evidence of bone 
ngrowth. 

i:^ Statistical comparisons of sample proportions were 
^ade with use of the Fisher exact test. Multivariate 
^^sociations between the appearance of osteolysis and 
iher variables, including the age and sex of the patients, 
e ('^M gnosis, the hip-rating score\ the size of the im- 
lani, and the position of the component, were made 
' ith use of logistical regression analysis. 

Results 

At the latest follow-up evaluation, or just before the 
ieoperation for the hips that >yere revised (Table I), the 
yerage clinical scores (of a possible 10 points) for all 
^3 hips were 9 points for pain, 8 points for walking, 
y|)oints for function, and 6 points for activity. The ra- 
'pgraphic analysis revealed no evidence of migration 
§ot other changes in the position of the acetabular 



component. No acetabular component had a continuous 
radiolucent line around it. Therefore, no acetabular 
component was radiographically loose. 

Ni neteen (17 per cent) of the 113 hips were associ- 

ated \j2^2^^E3^^SESE^S32EEIEjEB^ 

f Table D . The osteolysis was radiographically apparent 
arearly as nine months postoperatively, and all of the 
lesions progressed over time. TTiere were nine lesions in 
the ilium, eight in the ischium, and four in the pubis; one 
osteolytic lesion involved both the ilium and the ischium 
and another, both the ischium and the pubis. The aver - 
age size of the lesio nwas ^.QJ^v^2-9-c pnfimPt?T?*r| |y^ 
most recent anteroposterior radiograph. In ten of the 
nineteen hips, there was no hole through the shell of the 
acetabular component; that is, the shell was completely 
solid. Ten of the nineteen hips caused no pain or only 
slight pain. There was no significant difference between 
the clinical scores for the hips that were associated with 
pelvic osteolysis compared with those that were not. 

The mean lateral opening of the acetabular compo- 
nent for all 113 hips was 48 degrees. The mean lateral 
opening for the nine hips associated with osteolysis of 
the ilium was 60 degrees (range, 50 to 66 degrees); for 
the eight hips associated with osteolysis of the ischium, 
47 degrees (range, 35 to 55 degrees); and for the four 
hips associated with osteolysis of the pubis, 43 degrees 
(range, 35 to 50 degrees). Osteolysis of the ilium was 




Fic, 2-A Fig. 2-B 

. Ss.2-Aand 2-B: Case 7. 

Early postoperative anteroposterior radiograph. The initial contact of the porous mesh with bone is excellent except for a small 
.;icrally. There is also an area of osteopenia directly superior to zone 2^ 

•J' °''^"'^*'*^posierior radiograph made before the revision. The patient had an elective conversion to a conventional (stemmed) femoral 
poncir '\ of the development of severe osteolysis of the femoral neck (curved arrow) and an impending fracture. The eccentric 
n oi Uk i^ijjoral head within the acetabular component indicates substantial wear of the polyethylene, but the component is well fixed, 
c osteolysis also developed in the ilium (straight arrows). The osteolysis involves the lateral aspect (zone 1) of the acetabulum and 
cs the area of osteopenia in zone 2'. - 
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Fig. 3-A 
Figs. 3-A through 3-D: Case 8. 

Fig. 3-A: Early postoperative anteroposterior radiograph showing 
relatively low bone density medially. 

associated with a lateral opening of more than 50 de- 
grees (p < 0.0001). There was little risk of osteolysis of 
the ilium if the lateral opening was less than 50 degrees. 
For each 5-degree increase in the lateral opening of 
more than 50 degrees, to a maximum of 66 degrees, 
there was a four times greater risk of osteolysis of the 
ilium. Six of the nine hips that had osteolysis of the iUum 
had no hole in the shell of the acetabular component. 

Four patients who had pelvic osteolysis had a re- 
vision of the acetabular component because of me- 
chanical failure: three, because of a fracture of the 
titanium-alloy shell and one, because of debondirig of 
the fiber-metal-mesh coating of the shell (Group 1, Ta- 
ble I). All four patients were men whose average age 
was fifty-six years (range, thirty-seven to sixty-nine 
years). The average time to revision was seventy-two 
months (range, forty-eight to ninety-six months). Os- 
teolysis was present in the ilium in the three patients 
who had a fracture of the shell and a mean lateral open- 
ing of 61 degrees, and it was present in the pubis of the 
patient who had the debonded fiber-metal-mesh coating 
of the shell and a lateral opening of 50 degrees. AH four 
hips had radiographic evidence of polyethylene wear; 
the combination of wear, lateral subluxation, and failure 
of the acetabular component resulted in an average su- 
perior migration of the femoral head of 4.3 millimeters 
(range, 2.5 to 6.5 millimeters). The radiographic esti- 
mation of polyethylene wear for all 113 hips was 1.4 
millimeters, and it was 2,0 millimeters (range, 0.5. to 6.5 
millimeters) for the nineteen hips that were associated 
with pelvic osteolysis. There was no measurable mi- 
gration or other changes in the position of the shells of 
ihe four acetabular components that were revised At 

BEST AVAILABLE COPY 



the reoperation, the three intact components and th^ 
titanium fiber-metal mesh were found to be rigidlv^ 
fixed. J 
Osteolysis progressed into an area of a large osteon 
arthrotic cyst in the ilium in one patient (Case 1), wh6 
had a lateral opening of 66 degrees (Figs. 1-A, 1-B, ar.u 
1-C). The cyst had been curetted and the site had beeci 
filled with bone graft at the time of the initial opera! 
tion; however, osteolysis could be detected in this arei 
ten months postoperatively. Because of the pre-existing 
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Fig. 3-B 




Fig. 3-C 

Fig.s. 3-B and 3-C: Radiographs made before the revision, 
lesion (arrows) in ihc pelvis involves ihe low -density area. 
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cyst, the resultant area of bone loss was massive (5.5 by 
I7.5 centimeters), and it involved most of the iliac wing. 

Forty-two of the 113 hips had a reoperation because 
:bf failure of the femoral resurfacing component. These 
hips were in twenty-nine male and thirteen female pa- 
rents whose average age was fifty-two years. The aver- 
:;agc ^he reoperation was fifty months (range, 

i seven to ninety-six months). None of the acetabular 
components in these patients were radiographically 
i^lpose. Therefore, reoperation for these failures of the 
^Jemoral side provided a unique opportunity to examine 
^directly acetabular components that had been inserted 
jwithout cement and were functioning well clinically. At 
the reoperation, the polyethylene liner was found to be 
^ weli fixed in all forty-two hips; in fact, the stability of 
" this liner made removal quite difficult. Sterile frozen 
saline solution was first placed into the component to 
cause shrinkage of the polyethylene. The rim of the 
polyethylene liner was marked for reference, and then 
;:Cobb elevators were used around the rim to pry the 
lliner free from the shell. Considerable force was re- 
^fluired. The instruments were inserted only around the 
Mm, and care was taken not to damage the articular 
^concave) and the backside (convex) surfaces. In these 
v|brty-two hips, the shell of the acetabular component 
t^as also found to be well fbced. 

Of the forty-two patients, six (four men and two 
women) had balloon-like osteolysis of the pelvis (Group 
v2, Table I). The average age of these patients was fifty- 
|0ne years (range, thirty-five to sixty-five years). The 
^average time to the reoperation due to failure of the 
ifemoral side was fifty-five months (range, nineteen to 
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Fig. 3-D 

jj^'^^^^^^^Sram, made ai the reoperaiion, rcvoaling a free communlca- 
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seventy-seven months). One patient (Case 7), who had 
a lateral opening of the acetabular component of 50 
degrees, had massive osteolysis (three by five centime- 
ters) of the ilium (Figs, 2-A and 2-B). At the reoperation, 
there was a tense joint effusion. Similar to the findings 
at the other reoperations, the joint fluid was mbced with 
a friable, yellow-tan material exuded from the periphery 
of the implant-bone interface. In several areas of the 
periphery of the interface, defects communicated with 
the pelvic osteolysis. The osteolysis appeared to be con- 
tained within the cortical tables of the pelvic bones, 
and it had expanded into the soft cancellous bone and 
marrow of the pelvis. Although not readily apparent 
on the radiographs, osteolysis of the ischium and the 
pubis was also found at the reoperation. Despite the 
extensive bone resorption, the component was rigidly 
fixed. Operative debridement of the osteolytic lesions 
was performed by working through the defects in the 
implant-bone interface. The friable, yellow-tan material 
was irrigated and curetted out of the lesions, A combi- 
nation of autogenous graft and allograft was packed 
into the defects. 

Another patient (Case 8), who had a lateral opening 
of the acetabular component of 55 degrees, had osteo- 
lysis of the ilium and the ischium that measured 2.5 by 
6.7 centimeters and 2.2 by 2.3 centimeters, respectively 
(Figs. 3-A through 3-D). An arthrogram demonstrated 
contrast material in the area of the osteolysis. At the 
reoperation, a joint effusion was present. A defect in the 
posterior implant-bone interface led down into the is- 
chium and also extended medially to a large cyst behind 
the acetabular component. The cystic cavities contained 
fluid and the same friable, yellow-tan material described 
previously. Despite the extensive resorption of bone, the 
shell of the acetabular component was well fixed. The 
osteolytic cavity was curetted and packed with autoge- 
nous graft and allograft. 

One patient (Case 10), who had a lateral opening of 
only 35 degrees, had osteolysis of the pubis that meas- 
ured 2.0 by 2.1 centimeters. This resulted in a fracture 
of the superior pubic ramus (Figs. 4-A and 4-B). At the 
reoperation, the osteolysis was found to communicate 
directly with the intracapsular space through an opening 
that was inferior to the anteromedial edge of the hori- 
zontally oriented component. The defect was curetted 
and was filled with autogenous graft. Radiographs at 
four months revealed callus at the site of the fracture. 

In the last nineteen reoperafions, performed after 
the possibility of resorption of bone at the periphery 
of the implant-bone interface by infiammaiory tissue 
had been recognized"-^^-", we examined the periphery 
of the interface for evidence of this process. Each hip 
had circumferential periacetabular bone resorption, 
resulting in exposure of the outermost, cylindrical edge 
of the porous mesh. Friable, yellow-tan tissue, which 
was in continuity with the pseudocapsule of the joint. 
^|agir^^|f^^t^^^ the intra-arlicular margins of the 




Fig. 4-A 



Fig. 4-8 



^'fJ^B- Anteroposterior rad.ogr^^^ 

(stShl arrows). There is a communication (curved arrow) between the mtracapsular space and the osteolysis. 



implanl-bone interface in all of the hips. 

Review of the radiographs of the remaining sixty- 
seven well functioning hips revealed osteolysis in an 
additional nine hips (nine patients) (Group 3, Table I). 
There were four men and five women, whose average 
age was fifty-eight years (range, thirty to seventy years). 
There was no radiographic evidence of loosening of the 
acetabular component in any hip. The osteolysis was 
first apparent at an average of twenty-four months 
(range, nine to thirty-eight months) after the arthro- 



plasty. Two lesions were in the ilium and were associated 
with an average lateral opening of the acetabular com- 
ponent of 63 degrees, six were in the ischium and were 
associated with an average lateral opening of 47 degrees 
(range, 35 to 55 degrees), and one was in the pubis and 
was associated with a lateral opening of 45 degrees. iWb 
patients had a preoperative degenerative cyst, measur- 
ing 0.5 by 1.0 centimeter in each. Both patients had 
radiographic evidence of osteolysis in the same region 
after nine and fifteen months, respectively; one (Case 




Fki. 4-C 

Gross appearance of the articular (concave) surface of ihe polyethylene liner, retrieved si.xty-si.s months after the implantation. >upcn 
(bearing) surface (arrow) is highly reflective. 
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had a lateral opening of 65 degrees and osteolysis 
'nvoiving the ilium, and the other (Case 13) had a lateral 
pening of 55 degrees and osteolysis of the ischium. 

grieved Implants 

, The bearing surfaces of all of the titanium-alloy fern- 
ral components were diffusely burnished, with a vari- 
[t)lc iv.JiTiber of larger scratches. There was more gross 
damage to the surface of components of prostheses that 
Itiad had mechanical failure on the acetabular side. Ex- 
lamination of the retrieved polyethylene liners revealed 
?^vidence of wear, characterized by loss of the machining 
'^arks from manufacturing and a surface that appeared 
^highly reflective to the naked eye (wear-polishing) (Hgs. 
|ji-C and 4-D). High volumetric wear of these components 
^has been reported previously^ With use of the same 
^inethod, the rate of volumetric wear of an additional six 
irjcomponents was measured; the average rate of wear was 
|1768 cubic millimeters (range, 763 to 2697 cubic milli- 
Imeters), with an average rate of 393 cubic millimeters 
'■(range, 223 to 514 cubic millimeters) per year. 

Randomly oriented scratches and gouges, as well as 
'^embedded metallic particles of various sizes (ranging in 
"iiuni'^cr from none to more than 100), were identified 
ail polyethylene components. Some of the metallic 
debris appeared to be fragments of fiber-metal mesh. 
liTie four liners from the acetabular shells that had had 
^mechanical failure had much more embedded metallic 
^debris, located on the backside as well as on the bearing 



side. Focal areas with loss of machining marks were also 
seen on the backside. These areas had a surface that was 
more roughened than reflective. Visual inspection of the 
outer profile of the liners did not reveal gross deforma- 
tion of the contour, suggesting that a lesser volume of 
material had been removed. 

Histological Findings 

Tissue from the four hips that had had mechanical 
failure on the acetabular side contained many metallic 
particles; the histological findings were otherwise sim- 
ilar to those from the other hips. The most consistent 
finding was variable amounts of necrosis and fibrosis, 
mixed with sheets of plump macrophages and occa- 
sional giant cells that were laden with polyethylene de- 
bris of various sizes as well as with occasional metallic 
particles. Although polyethylene particles as long as 100 
micrometers were found, they were relatively rare. Un- 
der polarized light, polyethylene particles of approxi- 
mately one micrometer in length were seen frequently, 
and a very fine, diffuse birefringence was present in 
the cytoplasm of these phagocytic cells, indicating the 
presence of multiple intracellular submicrometer poly- 
ethylene particles"^\ 

Three of the four acetabular shells that were revised 
had bone ingrowth into the fiber-metal mesh. Exten- 
sive fibrous ingrowth, but no bone ingrowth, was seen 
in the remaining component. Radiographs revealed ra- 
diolucencies inferiorly and medially, but there appeared 





Fig. 4-D 

Xht !. ' ''"'^'"^If n twenty.five times, several types of surface findings, indicative of different mechanisms of wear that occurred during 
•Random .rrn.rh. ^^f !"g'^^\seen. Loss of the machining marks resulted in a smooth, highly reneciive polyethvlene base (wear-polishing): 
«hai i, Iv'Ll^" both the wear-pohshed and the machine-marked surfaces are visible, the smooth base of the large pit suggests 

. II may be an impression left by a hard third body, rather than by a loss of " ■ 5i 



iif polyethylene. 
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to be intimate contact of the porous surface with bone 
superolaterally. 

Discussion 

The prevalence of radiolucencies at the implant- 
bone interface has been lower for acetabular compo- 
nents that have been inserted without cement compared 
with those that have been inserted with cement^-^; how- 
ever, the patterns of bone loss that occur around each 
group of components may be different. Aggressive, lo- 
calized bone resorption (osteolysis) may occur more 
frequently with acetabular components that have been 
inserted without cement*^. Thus, although fixation has 
been improved, bone resorption remains a serious prob- 
lem. The identification of factors associated with the 
development of such aggressive, localized loss of bone 
has important implications for the design of the compo- 
nents and the technique of implantation. 

The areas of balloon-like osteolysis that we are re- 
porting are more correctly described as involving the 
pelvis than the acetabulum. These areas are cystic and 
are filled with a mixture of fluid and friable, necrotic, 
fibrotic, inflammatory tissue containing particulate wear 
debris. It appears that the osteolytic process expands 
into the soft cancellous bone and marrow while being 
contained by the denser cortical shell of the pelvic 
bones. Such bone resorption may be clinically silent, and 
the importance of regularly scheduled radiographic 
evaluations cannot be overemphasized. Femoral resur- 
facing components that had a large-diameter bearing 
surface were used, and the adverse effects of particulate 
debris occurred relatively early because of the high rate 
of wear. However, the information regarding the ad- 
verse effects of accelerated articular wear on resorption 
of periacetabular bone has important implications for 
conventional total hip replacement. 

The use of porous-ingrowth fixation appears to have 
addressed the unacceptably high rate of loosening of the 
acetabular component that has characterized resurfac- 
ing with cement*' " ". None of the patients in our series 
had a reoperation because of loosening of the acetabu- 
lar component, and none had radiographic evidence of 
loosening. In this regard, the results with the chamfered- 
cylinder design are similar to the experience with other 
porous-ingrowth acetabular components*"-^'^-^; the inter- 
mediate-term rate of fixation of porous-ingrowth ace- 
tabular components has been excellent. Reoperation for 
failure of the femoral side, however, revealed circumfer- 
ential resorption of bone with invasion of inflammatory 
tissue into the interface between the implant and bone 
at the intra-articular margin of the acetabulum. The tis- 
sue contained collections of macrophages and occa- 
sional giant cells in association with active resorption of 
bone, similar to that reported around loose acetabular 
components that were inserted without cement^'". Al- 
though metallic particles were found in all specimens 
and were numerous in specimens that were associated 
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with mechanical failure, most of the particles werc?^ 
ethylene and were less than one micrometer in 
This is direct evidence that, around rigidly fixed ob 
nents inserted without cement, there is a pro(^ 
resorption of periprosthetic bone that is similartS 
reported to occur with, and that can result in the? 
ening of, acetabular components inserted with c^Mt 

The features of an implant, and the specifics^c 
individual reconstruction (the type of femoral^ 
ponent; the design, position, and technique of inscrti 
of the acetabular component; the presence of fixati^ 
screws or pegs; the initial degree of contact of4 
porous surface with bone; the volumetric wear rati 
the polyethylene; the presence and location of ^ 
operative cysts; and stress-shielding) can influence 
sorption of periacetabular bone'-^"-^. The 17 per 
prevalence (nineteen hips) of osteolysis in the well fi;^- 
acetabular components in the present series is al 
ing and could not be attributed to holes in the mef 
shell or to transfixing screws. This suggests that 
factors are involved in bone resorption around poroul 
ingrowth acetabular components inserted without 
ment. The position of the component appears to 6 
important. Difficulty in the reaming of the acetabulum, 
to the chamfered-cylinder geometry resulted in a ten-^ 
dency to insert the component vertically. While the av^' 
age lateral opening of the acetabular component for a 
113 hips was 48 degrees, the nine hips that were associ 
ated with osteolysis involving the ilium had a mean 
lateral opening of 60 degrees. Osteolysis of the ilium wai 
associated with a lateral opening of more than 50 dcr 
grees (p < 0.0001). Vertical positioning of the comp^ 
nent may also be associated with osteolysis of the ilium 
as has been reported with use of the PCA total hip 
prosthesis (Howmedica, Rutherford, New Jersey)^. Ver^ 
tically positioned components wear in the more latk 
eral aspect of the polyethylene liner. Depending on the 
design of the component, this region may have a re^^ 
duced thickness of polyethylene (as with the chamfered^; 
cylinder design). In these instances, a decreased contact, 
area and a reduced thickness of polyethylene may result 
in accelerated wear because of increased stresses on the 
polyethylene. The average volumetric wear rate of poly- 
ethylene with the large-diameter resurfacing compo- 
nents is more than four limes greater than that seen 
in conventional total hip replacements'*. Wear-polishing 
of the polyethylene articular surface was the most 
common finding'^ This pattern of wear appears to be 
associated with the generation of the numerous sub- 
micrometer polyethylene particles observed in asso- 
ciation with bone resorption in our patients, and it 
probably represents the baseline wear mechanism of a 
well functioning total hip replacement'\ 

An association between the burnished titanium- 
alloy bearing, particulate titanium debris in the soft tis- 
sues, and osteolysis of the neck of the femur has b^'^n 
reported**. At a time when such concerns were on the 
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j^,that report highlighted the inadequacies of titanium 
0py as a bearing material. What was not recognized 
^as the large amounts of very small particulate poly- 
l^ylene wear debris^'^. In that study^ and others that 
nyolved titanium bearing surfaces, the focus was on 
oetallic debris. Such debris can cause obvious discolor- 
^or. tissue, is relatively easily identified in tissue 
peclions, and can more readily be isolated, studied, and 
puanlilated. For these reasons, there has been a substan- 
||ial amount of work quantitating metallic debris associ- 
pited with failed reconstructions. These implant systems 
piated titanium with polyethylene, but polyethylene 
prear was not assessed, and the very small size of poly- 
pfhylcne debris was not appreciated. We have found 
^hai i; inflammatory response and bone resorption 
associated with isolated titanium debris are reduced 
liubstantially compared with those found with systems 
phat use polyethylene^ 

The reporting of osteolysis associated with screws or 
fscrew-holes through the metal shell of acetabular com- 
iponents inserted without cement^ has raised concerns 
|tha( the osteolysis results from particulate debris (pos- 
mbly generated from the backside [convex] polyethyl- 
ene surface), which gains access to the ilium through 
pibles in the shell. In a radiographic study with a mini- 
pnum five-year follow-up of eighty-three hips that were 
|ineconstructed with use of a Harris-Galante porous ace- 
Jjtabular component (Zimmer) fixed with screws, only 
l^ne osteolytic lesion of the pelvis was identified (a prev- 
^alcnce of 1 .2 per cent)". No pelvic osteolysis was iden- 
ptificd in a radiographic study with a minimum four-year 
pfollow-up, in which the same type of component, which 
^as press-fit without screws, was used in 122 hips^.Thus, 
0t prevalence of pelvic osteolysis after these 205 hip 
peconstructions was 0.5 per cent^-". A radiographic 
pjudy with a minimum six-year follow-up revealed pel- 
mc osteolysis after twenty-five of 115 hip reconstruc- 
|on<; (hat had included insertion of a cup with three 
|pikes and no holes*. 

In the present series, it should be emphasized that, in 
pten of the nineteen patients who had pelvic osteolysis 
r (including six of the nine who had osteolysis of the ilium), 
I there were no holes of any type through the acetabular 
|:component (the shell was completely solid). At the time 
I of the reoperation, a communication through an area of 
|:bo;.o : .orption at the periphery of the implant-bone 
^ interlace was found to lead to the balloon-like osteolysis. 
^: There was evidence of wear of the convex polyethylene 
1 surface against the metal shell, but most of the polyethyl- 
enc wear in these components occurred on the articular 
(concave) surface. These data and observations indicate 
|nat, while there may be advantages to the elimination of 
noles through the acetabular shell and to more secure 
^ - :ind support of the liner by the acetabular shell, 
|t neither of these measures will prevent pelvic osteolysis. 
In ihe effective joint space Joint fluid and wear debris 
^'11 follow ihc path of least resistance, and focal concen- 
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tration can result in osteolysis''. Compared with acetab- 
ular components that have a cement-bone interface, po- 
rous-ingrowth acetabular interfaces may offer increased 
resistance to the ingress of joint fluid and wear debris. A 
current issue relevant to acetabular reconstruction is the 
optimization of implant-bone contact and porous in- 
growth at the peripheral implant-bone interface in order 
to decrease bone resorption in this location and to im- 
prove long-term fixation of the acetabular component-^-\ 
With the unique chamfered-cylinder design, which max- 
imizes peripheral contact through a cylindrical interfer- 
ence fit, there was relatively little bone resorption along 
(he interface, as is commonly seen with acetabular com- 
ponents fixed with cement. Most of the bone resorption 
progressed away from the interface into the soft cancel- 
lous bone of the pelvis. Our observations indicate that 
joint fluid and wear debris gain access to pelvic bone 
through areas of the implant-bone interface without suf- 
ficient contact or ingrowth. 

Thus, with a porous-coated acetabular component, 
the path of least resistance may be into the soft, porous, 
cellular cancellous bone and marrow of the pelvis rather 
than into an extensively ingrown implant-bone interface. 
A vertically oriented component can expose the cancel- 
lous bone of the ilium to the joint space and predispose 
the ilium to osteolysis. Similarly, a horizontally oriented 
component may predispose the pubis or the ischium to 
osteolysis (Figs. 4-A and 4-B), but because of the small 
number of horizontally oriented components in this se- 
ries, we cannot make a more definitive statement. 

It is interesting to note that in three patients, pelvic 
osteolysis developed in areas of pre-existing osteoar- 
throtic cysts. The osteolysis in these patients devel- 
oped earlier (at an average of eleven months; range, 
nine to fifteen months) than in the other sixteen patients 
who had osteolysis (average, twenty-five months; range, 
twelve to forty-one months). This suggests that osteo- 
arthrotic cysts may provide a low-resistance pathway for 
joint fluid and a site for the accumulation of wear debris, 
making that area susceptible to additional bone loss. 
A common denominator in the development of osteo- 
arthrotic acetabular cysts and pelvic osteolysis may be 
the loss or removal of cartilage or dense subchondral 
bone, or both, which then allows access of joint fluid into 
the soft cancellous bone of the pelvis. Another phenom- 
enon that may have contributed to the development of 
the pelvic osteolysis in at least two patients (Cases I and 
8) is stress-shielding. Loss of bone-mineral density by 
this mechanism may also predispose to osteolysis. 

While particulate debris is clearly associated with 
osteolytic lesions, there is evidence suggesting that sol- 
uble factors in joint fluid, such as inflammatory media- 
tors and proteinases, may also play an important role"\ 
Furthermore, the expansile and balloon-like nature of 
the lesions may be a consequence of joint-fluid pressure 
and a manifestation of the law of Laplace (which relates 
tension in the wall of an enclosure to the radius of 
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the enclosure and the internal pressure (tension = pres- 
sure X radius). At the reoperation, several hips in our 
series had a tense joint effusion. With this type of im- 
plant, we have measured peak intra-articular fluid pres- 



sures of more than 500 millimeters of mercury ((F 
kilopascals). The role of joint fluid and joint-fluid p 
sure in the development of osteolysis is currently ui 
further investigation. 
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